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PAPA = Papanicolau test
QOL = quality of life
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3. ABSTRACT
Aim:  Hereditary nonpolyposis colorectal cancer (HNPCC) is an inherited cancer
predisposition syndrome characterized by early onset colorectal cancer (CRC) and
several other extra-colonic cancers, most commonly endometrial cancer (EC) and gastric
cancer.
Our aim was to evaluate the efficiency and results of the ongoing CRC and EC
surveillance programs and to evaluate if detectable premalignant changes in the gastric
mucosa of mutation carriers existed, which would help in detecting those at risk of gastric
cancer thus justifying gastric surveillance. Another aim was to examine a new radiological
method, CT-colonography (CTC), for CRC surveillance among HNPCC mutation carriers.
Patients:  The patient material is representative. It consists of 579 family members from
111 Finnish HNPCC families almost all harboring a known mismatch repair (MMR) gene
mutation.
Methods:  The efficacy of Finnish CRC and EC surveillance programs on HNPCC
patients was evaluated by comparing the stage and survival of cancer cases detected
with surveillance versus without. The performance of a new technique, CTC, was
explored using a same-day colonoscopy as a reference standard.  We introduced the use
of intrauterine aspiration biopsies for EC surveillance in a HNPCC setting.  We performed
upper GI endoscopies and took biopsies from mutation carriers and their mutation-
negative siblings.
Results: The CRC cases detected by surveillance were at significantly more favorable
stages than those in the non-surveilled group. This advantage was reflected in a
significantly higher CRC-specific survival in the surveilled group. CRC resulted in two
deaths in the surveillance group and 33 deaths in the non-surveilled group. Overall
survival was also better in surveilled patients (15% died compared to 38% in the non-
surveilled group), but the difference was not significant.
The performance of a new technique, CTC, was explored as an alternative surveillance
method in CRC surveillance and found insufficient for polyp detection in this population in
which every polyp, no matter the size, should be detected and removed.
The assumed differences were searched for in the gastric mucosa from MMR gene
mutation carriers and their mutation-negative siblings. We could not observe any, neither
premalignant lesions nor cancers. These results gave no support for gastric surveillance.
The EC surveillance program (TVUS and intra-uterine biopsy every 2-3 years) seemed to
be efficient.  It yielded 11 asymptomatic cancer cases and 14 others with a premalignant
lesion in 503 surveillance visits. The stage distribution of the endometrial cancers in the
group under surveillance tended to be more favorable than that of the mutation-positive,
symptomatic EC patients of the same families who had no surveillance. Furthermore,
none of the surveilled EC patients died of EC compared to six in the non-surveilled
patients during the follow up. The improvement was, however, not statistically significant.
9
Another observation was the good performance of endometrial aspiration biopsies used
in this setting for the first time, especially since we detected several asymptomatic
premalignant hyperplasias, which may help with targeting prophylactic surgery.
Conclusions: The present surveillance program for CRC proved to be efficient. The CRC
cases found by surveillance are of earlier stage, which reflects to a better CRC specific
survival. Colonoscopy was confirmed as a better surveillance modality than CTC. The
current surveillance program for EC using endometrial aspiration biopsy increased the
efficacy of gynecological surveillance. Several asymptomatic endometrial cancers, with
favorable stages, were detected in addition to several premalignant hyperplastic lesions.
Single upper GI endoscopy as a surveillance method did not detect gastric cancer cases




Hereditary nonpolyposis colorectal cancer syndrome (HNPCC) is a dominantly inherited
syndrome with high penetrance. HNPCC is characterized by an early age at onset of
various cancers, especially colorectal and endometrial cancer. The third most common
cancer in HNPCC is gastric cancer and several other tumors belong to the spectrum as
well, i.e. ovarian, small bowel, biliary and pancreatic cancer, brain tumors and urinary
tract cancers.  Germline mutations in mismatch repair genes MLH1, MSH2, MSH6, and
PMS2 are responsible for the syndrome in most HNPCC families.  It is the most common
form of hereditary colorectal cancers accounting for 2-5% of the total colorectal cancer
(CRC) burden (Lynch et al 2006).  HNPCC-related endometrial cancer (EC) accounts for
2% of all endometrial cancer patients (Hampel et al 2006).
A HNPCC family can be identified, or at least suspected, by family history using uniform
clinical diagnostic criteria such as Amsterdam I or II, or Bethesda criteria. A tumor block
from one of the family members can be further analyzed with microsatellite instability
(MSI) testing, which is seen in most HNPCC associated cancers or with
immunohistochemical staining for mismatch repair proteins, which if negative, can direct
the further mutation search to the probably causative gene. If a pathogenetic germline
mutation is identified in a family, all the family members can be tested for it and cancer
surveillance can be recommended to true mutation carriers. Mutation-negative family
members have no excess risk of cancer and can be omitted from surveillance.
The aim of surveillance is to improve survival through detection of tumors at an early
stage or, preferably, in a premalignant state. The lifetime risk of CRC for a HNPCC
mutation carrier is around 70 % (Aarnio et al 1999; Vasen et al 2001).  Most colorectal
carcinomas are thought to develop from adenomas through the adenoma-carcinoma
sequence, which offers great opportunity to prevent cancer by surveillance and
polypectomies (Winawer et al 1993). The high risk of CRC led to the organizing regular
colonic surveillance for HNPCC family members soon after the syndrome was
acknowledged.  The benefit of screening, reflected in the diminishing CRC rate and
improving survival, has been assessed in both observational studies and in one
prospective clinical trial (Järvinen et al 2000).
The risk of EC is 42-70% and it exceeds the risk of CRC in female mutation carriers
(Aarnio et al 1999; Dunlop et al 1997; Hendriks et al 2004). Surveillance for EC has long
been recommended but published studies on EC surveillance were previously lacking in
the literature. Only two studies have been published using transvaginal ultrasound as a
surveillance modality and both presented with very modest results (Dove-Edwin et al
2002; Rijcken et al 2003).
The risk of other cancers is only moderately increased in HNPCC and no easy or reliable
methods are available for early detection. Regular surveillance examinations are justified
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only if the prevalence of the disease is high enough, examination methods are efficient
and easy for the patient, and a clear benefit in terms of survival or easier treatment exist.
When treating HNPCC mutation carriers the threshold for arranging symptom targeted
examinations should be very low.
Our aim was to evaluate the ongoing CRC and EC surveillance in HNPCC, especially to
determine whether cancer detection by surveillance is prognostically advantageous due
to early diagnosis and to assess the effect of intra-uterine biopsies in EC-surveillance.
Another aim was to examine possible new surveillance programs.  We investigated the
grounds for future gastric cancer screening by comparing the gastric biopsies of mutation
positive and negative siblings in search for premalignant lesions. We also compared a
new surveillance method, computerized tomographic colonoscopy (CTC) with optic
colonoscopy.
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5. REVIEW OF THE LITERATURE
5.1. COLORECTAL CANCER
5.1.1. Epidemiology
In developed countries cancer is a major public health problem. The incidence of CRC
increases with age and is similar in both women and men in the general population. The
lifetime risk of developing CRC is 5-6 %. CRC incidence and prevalence are still rising
but mortality rates have decreased during the last years. The mean annual number of
new CRC cases in Finland is about 2500 (Finnish Cancer Registry 2005).
Some predisposing factors for CRC are family history of CRC, previous adenomatous
polyps or CRC, or inflammatory bowel disease. About 75% of all new CRC cases occur in
people without these predisposing factors (Winawer et al 1997). Patients with a familial
risk, those who have two or more first- or second-degree relatives with CRC, make up
approximately 20-25% of all CRC patients. Only 5-10% of the total CRC burden is
inherited in an autosomal dominant manner of which familial adenomatous polyposis
(FAP) and hereditary nonpolyposis colorectal cancer (HNPCC) are the major forms
(Lynch and de la Chapelle 2003).
Age is the most important risk factor for CRC and more than 90% of all cases occur in
individuals over age 50. Epidemiological studies show that a long history of smoking, a
high consumption of red and processed meat, and a low level of calcium intake increase
colorectal cancer risk (Akhter et al 2007; Giovannucci 2001; Larsson and Wolk 2006;
Park et al 2007). The association of dietary fiber intake and dietary fat with CRC risk has
been inconsistent among epidemiologic studies (Bingham et al 2003; Lin et al 2004;
Michels et al 2005; Otani et al 2006). Low physical activity and higher body mass index
have been found to be associated with increased risk of CRC (Vainio et al 2002).
5.1.2. Premalignant polyps
5.1.2.1. Adenomas
Benign mucosal masses in the colorectum are defined as polyps and are divided into
different categories dependent on their histology. They include adenomas, which are
benign neoplasms that by definition display dysplasia (Kim and Lance 1997).
Adenomatous polyps represent the largest and most important group because they are
premalignant. The prevalence of adenomas is between 22-36% in the general population
(estimate based on autopsy series) and they are evenly distributed in the colon with
approximately 1/3 occurring proximal to the splenic flexure, although a shift from distal to
proximal location in older age groups occurs (Johannsen et al 1989; Vatn and Stalsberg
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1982). An adenoma >1cm in size with villous or tubulovillous histology and multiple
occurrences predict increased risk of developing further adenomatous polyps, as well as
CRC.  Only few adenomas develop into cancer and the transformation is estimated to
take about 10 years in an average risk patient (Winawer et al 1997).
5.1.2.1.1. Small and diminutive adenomas
Very small polyps, with a diameter of 5mm or less, are defined as diminutive. In general,
diminutive polyps are benign. The size of a newly diagnosed adenomatous polyp
correlates to the existence of high-grade dysplasia, the risk of malignancy, and to the risk
of developing metachronous adenomas or cancer elsewhere in the colon (O'Brien et al
1990; Winawer et al 1997). A large data collection from a German polyp registry of more
than 20 000 polyps, removed endoscopically, showed no invasive carcinoma in a group
of 5137 diminutive adenomas (Nusko et al 1997). Church (2004), however, observed 4%
of the diminutive adenomas to have unfavorable histology, 2% to have severe dysplasia
and 1 ‰  already malignant. It is suggested that less than 1% of small (<1cm) adenomas
are malignant compared with larger adenomas with a risk greater than 10% (Muto et al
1975).
5.1.2.1.2. Flat adenomas
Muto et al. (1985) first described flat adenomas twenty years ago.  Colorectal polyps can
be classified, according to their gross appearance at endoscopy, as protruding or
nonprotruding (flat). A flat polyp can either be slightly raised or slightly depressed, height
no more than twice that of the adjoining mucosa, and because its limits are indistinct they
become clearer and visible only after they have been sprayed with dye (Rubio et al
2002). Flat adenomas are reported to be quite common with incidence ranging between
8-40%. They often display high-grade dysplasia compared with polypoid lesions and a
tendency to invasion and lymph node metastasis and are therefore suggested to be more
aggressive than polypoid tumors (Speake et al 2007). Contradictory observations of
aggressiveness have, however, also been published (O'Brien et al 2004).
Flat-type colorectal cancers have also been described with significant similarities to flat
adenomas based on pathological and molecular findings. This may indicate that flat
adenomas are precursor lesions to some flat or de novo colorectal cancers (Speake et al
2007).  The incidence of multiple flat adenomas is higher in individuals with relatives with
CRC (Adachi et al 2000; Watanabe et al 1996).
5.1.2.2. Hyperplastic polyps
Hyperplastic polyps are fairly frequent and the prevalence in autopsy studies in
individuals younger than 50 years has been documented as 7–40% (Liljegren et al 2003).
The significance of hyperplastic polyps in colorectal carcinogenesis is debatable. It is still
not clear if hyperplastic polyps are precursors to adenomas or if they constitute an entity
of their own with or without a cancer risk (Huang et al 2001). There is some evidence that
a hyperplastic polyp–serrated adenoma–carcinoma pathway exists (Jass et al 2002).
Some hyperplastic polyps display molecular features as seen in neoplastic lesions such
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as mutations in the K-ras oncogenes and microsatellite instability (MSI) (Mäkinen et al
2001; Otori et al 1997). Serrated CRC seems to be a biologically distinct subclass of CRC
and is suggested to account more than 6% of all CRCs (Laiho et al 2007; Mäkinen et al
2001). Among HNPCC patients, however, the hyperplastic polyps do not seem to be a
significant predictor for future adenomas (Liljegren et al 2003).
5.1.3. From polyp to cancer
5.1.3.1. Adenoma-carcinoma sequence
It is widely accepted that most CRC cases progress from adenomas through an
adenoma-carcinoma sequence. The sequence is a stepwise process in which small
adenomas are first transformed into large adenomas, then into non-invasive carcinoma
and finally, into invasive carcinoma. Considerable indirect evidence from a range of
epidemiological, clinical, histopathological, and genetic studies supports this
phenomenon. Age distribution curves for adenomas and carcinomas show that the
prevalence of both increases with increasing age. The varying prevalence of adenomas
in different geographical regions correlates with the CRC incidence in those regions. In
clinical studies, the anatomical distribution of adenomas and cancers is similar, both
occurring more frequently distal to the splenic flexure (O'Brien et al 1990). Patients with
one or more large polyps are found to be at an increased risk of future cancer (Atkin et al
1992). Histopathological studies have demonstrated foci of malignancy within colorectal
adenomas in 0.2–8.3% of cases (Cranley et al 1986). Several studies have elucidated the
natural history of an adenoma left in situ and observed both transformation of an
adenoma to carcinoma as well as regression of an adenoma (Stryker et al 1987). Finally,
detecting and removing adenomatous polyps significantly reduces the incidence of CRC
(Leslie et al 2002; Winawer et al 1993).
It is estimated that 80-90% of the colorectal carcinomas evolve through this sequence.
The majority of adenomas, however, do not turn malignant during a normal life time since
the process is very slow in the general population (Winawer et al 1997).
5.1.3.2. Colorectal tumorigenesis
Genetic alterations play a role in the development of all colorectal malignancies. These
genetic mutations are somatic in the majority of cases and therefore have no implications
for future generations.
The genes involved in genetic alterations may be classified into three types: oncogenes,
tumor suppressor genes, and DNA repair genes. In normal situations, oncogenes
stimulate appropriate cell growth, but mutation or over expression results in a gain of
function and causes cells to continue to grow in the absence of growth signals. Tumor
suppressor genes normally inhibit progress through the cell cycle or promote apoptosis,
but when their expression is absent (as a result of mutation), a loss of normal inhibitory
control occurs. Finally, DNA repair genes are involved in controlling the rate of mutation
of other genes. Mutated repair genes are unable to repair errors, causing mutations in
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oncogenes and tumor suppressor genes to accumulate at an accelerated rate (Leslie et
al 2002).
In 1990 Fearon and Vogelstein identified genes and loci involved in the carcinogenesis of
CRC and presented a model of successive genetic events in the progression of a benign
polyp to cancer.  In their model, mutations in the adenomatous polyposis coli (APC) gene
occur early during the development of polyps, mutations of K-ras arise during the early
adenomatous stage, and mutations of p53 and deletions on chromosome 18q occur
concurrently with the malignant transformation (Fearon and Vogelstein 1990). This
pathway is characterized by allelic losses on chromosome 5q (APC), 17p (p53), and 18q
(DCC/SMAD4) and is called the “chromosomal instability (CIN) pathway”. Of colorectal
cancers 75-85% show gains or losses of gross chromosome material as a result of
mitotic recombination or aberrant mitotic segregation of chromosomes and are believed
to evolve as a consequence of this pathway (Kinzler and Vogelstein 1996; Soreide et al
2006). One of the most famous examples of the CIN pathway is the model of
tumorigenesis in FAP, in which multiple small adenomas develop as a result of two hits in
the APC gene, followed by mutations of K-ras, and subsequently mutations of p53 and
deletions on chromosome 18q.
The second, alternative pathway is referred to as the microsatellite instability (MSI)
pathway. In this pattern, the genomic instability occurs at the nucleotide level.
Microsatellites are a type of DNA that consists of streches of simple sequences, a repeat
unit size usually between one and five base pairs. The length of these microsatellites is
highly variable from person to person and each individual has microsatellites of a set
length.  Numerous microsatellites have been mapped throughout the human genome and
they are particularly prone to errors during DNA replication. Mismatch repair (MMR)
proteins usually repair such errors, but in the absence of competent MMR function (as in
HNPCC) microsatellite errors accumulate (Wheeler et al 2000). Microsatellite instability is
defined as a change of any length due to either insertion or deletion of repeating units in
a microsatellite within a tumor when compared to normal tissue (Boland et al 1998). In
1993 instability of microsatellites at the somatic level was first reported in CRC in
particularly, HNPCC (Aaltonen et al 1993; Ionov et al 1993; Peltomäki et al 1993;
Thibodeau et al 1993).  More recently, colorectal tumors showing MSI have been further
classified into those exhibiting high (  2/5 distinctively selected markers exhibit MSI) and
low (only 1/5 markers exhibit MSI) levels of instability, referred to as MSI-H and MSI-L. If
none of the markers show MSI the tumor belongs to a group called ”microsatellite stable”
(Boland et al 1998).  When a cell is MMR deficient it is not only microsatellites that are at
risk of replication error, but also base substitution mutations frequently occur. Thus, MSI
can be interpreted as a marker for a state of hypermutability (Leslie et al 2002). Loss of
mismatch repair can arise via two distinct routes. These are either MSI-H occurring in
HNPCC individuals in which germ line mutations are found in major MMR genes or
through a process of MLH1 promotor hypermethylation without mutation, the latter
accounting for 10-15% of sporadic cancers.
MSI-H tumors occur more frequently in the proximal colon. In histopathological analysis,
they often exhibit poor differentiation, mucinous component, and lymphocyte infiltration
(Jass et al 1998). CRC patients with MSI-H tumors seem to have a significant survival
advantage compared with microsatellite stable tumors (Choi et al 2002).
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5.1.4. Prevention of cancer
5.1.4.1. Polypectomy
Several prospective and retrospective studies have shown that removal of adenomatous
polyps is associated with a reduction in the incidence of CRC (Atkin et al 1992; Citarda et
al 2001; Winawer et al 1993). The strongest evidence was presented by a prospective
colonoscopy study, the National US Polyp Study, which showed a lower than expected
incidence of CRC and thus a protective effect at 5.9 years of follow up. (Winawer et al
1993) The effect of polypectomy on CRC rate has also been observed in HNPCC
kindreds as the CRC rate was reduced by 62% with surveillance and polypectomies
(Järvinen et al 2000).
5.1.4.2. Chemoprevention
Chemoprevention in context with gastrointestinal cancer aims to intervene in the
carcinogenetic process and prevent cancer before it occurs. Many of the agents studied
have first shown promising results in observational, experimental, or animal studies. The
only reliable way to estimate effect of chemoprevention however, is randomized clinical
trials. Several agents have been tested, and CRC is the best-studied neoplasia since the
outcome in the form of an adenoma is easily detected and the patients with sporadic
adenomas are routinely followed with endoscopy (Grau et al 2006).
Clinical trials on antioxidants failed to confirm any positive effect. Epidemiologic studies
and clinical trials on dietary fiber have been conflicting. Most trials showed no difference
in adenoma recurrence. Clinical studies on ursodeoxycholic acid have also shown
contradictory results. Calcium supplementation (with high serum vitamin D levels) has
shown a clear risk reduction in adenoma recurrence on every methodological level (Grau
et al 2003). The protective effect of aspirin and other non-steroidal anti-inflammatory,
NSAID, drugs was first noticed in animal models, followed by encouraging
epidemiological studies. Since then several clinical studies have been published showing
a protective effect. Sulindac led to polyp regression and prevention in patients with FAP
(Giardiello et al 1993). The Aspirin Polyp Prevention Study reported a 17% reduction in
adenomas and a 47% risk reduction for large adenomas with low doses aspirin, 81mg.
Larger, adult dose (325mg) did not have any effect on adenomas (Baron et al 2003). A
large international ongoing collaborative study is designed to test the effect of aspirin with
fiber in HNPCC, results are pending.
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5.2. HEREDITARY NONPOLYPOSIS COLORECTAL CANCER
HNPCC is characterized by early age at onset of CRC, excess of synchronous and
metachronous CRCs, a predilection to the proximal colon, accelerated carcinogenesis,
and an excess risk for extracolonic cancers (including endometrium, ovary, stomach,
hepatobiliary tract, small bowel, pancreas, brain, transitional cell carcinoma of the ureter
and renal pelvis.) In addition, Muir–Torre syndrome is a variant of HNPCC with
sebaceous tumors and keratoacanthomas and Turcot's syndrome with glioblastomas and
colorectal tumors (Lynch et al 2006).
5.2.1. History and epidemiology of HNPCC
Pathologist Aldred Warthin was first to publish a report of a “cancer family” in 1913.
Warthin’s report was based on his seamstress’s family (“Family G”) with excess cancer
cases at young age. In 1966, Dr. Henry Lynch published the findings of two large families
that had a large number of individuals with multiple different primary cancers transmitted
through several generations (Lynch et al 1966). This work led to the updating of Warthin’s
old work and in 1971 Lynch published “Cancer Family G revisited”. He demonstrated an
autosomal dominant pattern of inheritance and proposed criteria for the Cancer Family
Syndrome, which since then has also been called Lynch Syndrome and Hereditary
nonpolyposis colon cancer syndrome (HNPCC) (Lynch and Krush 1971). In 1966,
Peltokallio was the first to describe families with clustering cancer in Finland (Peltokallio
and Peltokallio 1966). In the early 1980s, many clinical reports of cancer family syndrome
from several countries, including Finland, were published in the medical literature. In
1989 the International Collaborative Group of Hereditary Non-Polyposis Colorectal
Cancer (ICG-HNPCC) was founded to facilitate collaborative scientific work all around the
world.
HNPCC is the most common form of hereditary colorectal cancer. The estimates of its
frequency based on clinical criteria have varied widely, but since the era of molecular
genetics they have been corrected and HNPCC is estimated to account for 2-5 % of the
whole CRC burden (Aaltonen et al 1998; Lynch et al 2006; Samowitz et al 2001).
5.2.2. Diagnostic criteria of HNPCC
Until 1990 uniform criteria and description of HNPCC were lacking. The diagnosis of
HNPCC had to be based on clinical data and family history in the absence of a specific
biomarker. The clinical diagnostic and selection criteria (the “Amsterdam Criteria”) were
determined in 1990 by the ICG-HNPCC to provide an uniform basis for collaborative
studies (Vasen et al 1991). These criteria included the following: 1) At least three
relatives should have histologically verified colorectal cancer and one of them should be a
first degree relative to the other two. 2) At least two successive generations should be
affected. 3) In one of the relatives CRC should be diagnosed under 50 years of age. 4) In
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addition, different polyposis syndromes have to be excluded. These criteria have been
criticized for neglecting extra colonic tumors and also small families may not fulfill them.
The less strict “Bethesda Guidelines” were developed 1997 (and revised in 2004) as the
basis for molecular screening of putative HNPCC. They differ from the previous
Amsterdam I criteria by including synchronous or metachronous CRC or HNPCC-
associated extracolonic cancer, adenomas detected before age 40 and CRC with typical
HNPCC histology. The aim was to select those individuals that would most likely benefit
from MSI testing rather than identifying HNPCC families (Rodriguez-Bigas et al 1997b;
Umar et al 2004).
The Bethesda guidelines were impractical in clinical work and so new, simplified
diagnostic criteria “Amsterdam Criteria II”, which take into account endometrial, small
bowel, ureteral, and renal pelvis cancers, were proposed in 1999 by ICG-HNPCC (Vasen
et al 1999).
5.2.3. Molecular genetics of HNPCC
The autosomal dominant mode of inheritance in HNPCC was known for more than 20
years before the knowledge of its molecular genetic background evolved.  The
observation of MSI in human colorectal tumors, and HNPCC in particular (described in
the chapter tumorigenesis), was crucial to further observations of linking HNPCC and
MMR deficiency. The main function of the DNA mismatch repair system is to correct
mismatches generated during DNA replication and thus maintain genomic stability. MMR
deficiency results in a mutator phenotype and MSI.
In 1993, two large kindreds revealed close linkage to microsatellite markers on
chromosome 2p (Peltomäki et al 1993). The gene for MSH2 was subsequently identified
in this region and shown to have germline mutations in HNPCC patients (Fishel et al
1993; Leach et al 1993). In the same year, a second HNPCC locus was linked to
chromosome 3p in two other kindreds and soon MLH1 was identified (Bronner et al 1994;
Lindblom et al 1993; Papadopoulos et al 1994).
In 1995, the DNA sequence of the MSH6 protein was determined and the genes for
MSH2 and MSH6 turned out to be located very near each other, most likely on 2p21. The
first reports of human germline mutations in MSH6 causing HNPCC appeared in 1997
(Miyaki et al 1997). Two additional homologues of the mutL gene (PMS1 on chromosome
2q and PMS2 on chromosome 7q) have been cloned and mutations found in a small
number of HNPCC kindreds (Nicolaides et al 1994). Some support shows that MLH3
gene may play a causative role in atypical HNPCC (Liu et al 2003).
MLH1 is the most important susceptibility gene for HNPCC. Approximately 250 different
germline mutations in MLH1 have been identified and they account for 50% of all HNPCC
related mutations. MSH2 is the second most frequently mutated gene. Roughly 200
different germline mutations have been detected and their share of the total amount is
around 40%. Germline mutations in MSH6 have been detected in clinically atypical, as
well as typical, families and their share of all HNPCC mutations is 10%. PMS2 seems to
be of minor importance in the syndrome, lower penetrance and atypical phenotype are
typical. Presently no convincing evidence that germline mutations of PMS1 would cause
predisposition to HNPCC exists (Peltomäki and Vasen 2004; Peltomäki 2005).
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5.2.4. Identification of HNPCC
Even the broader clinical criteria are considered too limited leading to missed cases. In
clinical work, when screening for an individual who may carry a MMR mutation, the
assessment usually starts with evaluating family history and combining it with molecular
tumor characteristics such as MSI, if a tumor block is available. Families which fulfill the
stringent clinical criteria but the mutation is not found and families with a known mutation
but which do not fulfill the criteria, however, do exist. This is often the case in MSH6
families which may present with atypical phenotype (Buttin et al 2004; Plaschke et al
2004). Notably, among the families that fulfill strict Amsterdam I criteria several have no
evidence of a MMR gene mutation (Lindor et al 2005). These families are referred to as
having “familial colorectal cancer” or “familial colorectal cancer type X” and they have an
increased risk of CRC compared to the general population but a lower risk than seen in
those with HNPCC and germline MMR gene mutation (Lindor et al 2006).
According to recent European guidelines the sensitivity of MSI-analysis is slightly better
than of immunohistochemistry (IHC) -analysis when detecting possible MMR mutations in
colorectal tumor. IHC-analysis using four antibodies (MLH1, MSH2, MSH6, and PMS2)
against the MMR proteins holds the advantage for directing mutation analysis towards the
underlying gene defect. Thus, MSI or IHC can be used as the first step but IHC is
preferable when examining a family with a high probability for harboring a MMR mutation
(Vasen et al 2007).
After the MMR gene mutation is identified in a family all the at-risk members should
undergo thorough genetic counseling which clarifies the natural history of the syndrome,
the cancer risks, and possible benefits or limitations of organized surveillance. After
counseling the individual may decide whether or not to continue onto predictive testing.
With mutation testing the true mutation carriers can be identified and the surveillance
efforts can be targeted to them. The mutation-negative family members do not have an
excess cancer risk compared with general population and thus do not need further
surveillance (Mecklin and Järvinen 2005). The first reports on the acceptance of genetic
testing were not encouraging, only 43% of the high-risk family members chose to receive
the test result and the rest declined to participate (Lerman et al 1999).  In a Finnish study,
75% of the family members at risk took the genetic test after the first counseling session.
Unemployment was the only significant sociodemographic factor predicting refusal or
declining of the test (Aktan-Collan et al 2000). Difficulties in reaching the family members
at risk have been one of the most common reasons for the low rate of genetic testing
(Ponz de Leon et al 2004).
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5.2.5. Colorectal cancer in HNPCC
5.2.5.1. Incidence and clinical features
HNPCC mutation carriers have a very high risk of developing colorectal cancer during
their lifetime, for males the risk for CRC is the largest. CRC in HNPCC is more often
located in the proximal colon (60-70% compared with 30% in general population) and
mutation carriers are predisposed to multiple synchronous and metachronous CRCs
(Lynch et al 1988; Mecklin and Järvinen 1986; Mecklin and Järvinen 1991; Vasen et al
1990).
HNPCC-related CRCs often show poor differentiation with an excess of mucoid and
signet-ring cells, have tumor infiltrating lymphocytes, Crohn’s like peritumoral lymphosytic
reaction, and medullary growth pattern (Jass et al 1994b; Mecklin et al 1986). In the
general population, poor differentiation is associated with poorer CRC prognosis which,
however, seems not to be the case in HNPCC related CRC.
Precise risk estimates for HNPCC-related cancers are not available. The estimates tend
to differ depending on mutation, sex, and ascertainment status (Lindor et al 2006). Some
evidence shows that the 4 most common mutations in the MMR-genes (MLH1, MSH2,
MSH6, and PMS2) are associated with different risks for cancer but because of
differences in prevalence the risk data is usually presented in joint form. Mutations in
MLH1 and MSH2 account for nearly 90% of families with identified mutations (Peltomäki
and Vasen 2004). In MMR-gene mutation carriers the estimated risk for CRC is 70% by
the age of 70 (range 27-82%) (Aarnio et al 1995; Aarnio et al 1999; Dunlop et al 1997;
Hendriks et al 2004; Quehenberger et al 2005; Vasen et al 1996; Vasen et al 2001).
Colorectal tumors in HNPCC (MSH2 or MLH1 mutation carriers) occur approximately 20
years earlier (mean 40-45 years) than in general population. Cancer risk of CRC for male
and female mutation carriers is also different and it has been confirmed in all studies. In a
Finnish study the standardized incidence ratio for CRC was higher in men (83) than in
women (48). The male-to-female ratio was 1.7 (Aarnio et al 1999). The cumulative
lifetime risk of CRC in female MSH6 mutation carriers is significantly lower than in carriers
of a mutation in MLH1 or MSH2. In male MSH6 carriers the risk of CRC was also lower
than in MLH1 and MSH2 carriers, but the difference was not statistically significant. The
mean age at diagnosis was higher (51-57 years) among MSH6 carriers in both sexes
(Hendriks et al 2004; Wagner et al 2001). The phenotypic consequences of PMS2
mutations appear to be highly variable, often with childhood onset of atypical tumors.
CRC is though to be the most common cancer in PMS2 families, often with a little later
onset (Hendriks et al 2006).
The incidence of a metachronous CRC has been reported to be 18-40% at 10 years after
the treatment of first CRC (Aarnio et al 1995; Fitzgibbons et al 1987). Incidence figures of
metachronous CRC are, however, strongly influenced by possible existence of a
surveillance program and the surgical method chosen at the time of the first CRC. De vos
tot Nederveen Cappel et al performed a retrospective cohort study in patients from 114
Dutch families meeting the Amsterdam criteria, 63 had an identified mutation. The aim of
this study was to asses the risk of developing CRC (first cancer or metachronous CRC
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after colon resection) within the surveillance program. The cumulative risk of developing a
first CRC in 10 years was 10.5% in a group of proven mutation carriers who had had an
intact colon in the first surveillance session. The cumulative risk of developing a second,
metachronous CRC after partial colon resection in 10 years was 15.7% among the
families with a known mutation. Only one out of 29 patients (3.4%) who had undergone a
previous subtotal colectomy developed rectal cancer during surveillance (De Vos tot
Nederveen Cappel et al 2002). The risk of rectal cancer after total or subtotal colectomy
was estimated to be 12% at 12 years according to an earlier, retrospective international
study (Rodriguez-Bigas et al 1997a).
The incidence of CRC in HNPCC is prone to decrease because of effective surveillance
programs.
5.2.5.2. Adenomas in HNPCC
Adenomas appear in the colon of HNPCC patients regardless of the term “non-polypose”
and most probably the colorectal carcinoma arises as a stepwise process through the
adenoma-carcinoma sequence as is suspected in the general population. Adenomas in
HNPCC are supposed to occur at the same rate (Love and Morrissey 1984; Mecklin and
Järvinen 1986; Mecklin et al 1995; Strul et al 2006) or with a moderately increased
prevalence than in general population (Lanspa et al 1990). One study exists from the
Netherlands in which the adenoma incidence was studied comparing known mutation
carriers and their mutation negative siblings. Carriers of a MMR defect developed
adenomas significantly more frequently and at younger age than their siblings. At 60
years, only 30% of the true mutation carriers were still free of adenomas, compared to
71% of their mutation negative family members (De Jong et al 2004).
The adenomas are larger and a significantly higher proportion show a high degree of
dysplasia and more extensive villous architecture than sporadic adenomas, histological
features that make them more prone to malignant conversion (De Jong et al 2004; Jass
and Stewart 1992; Jass et al 1994a). A pronounced proximal distribution of adenomas is
also seen in HNPCC (Lanspa et al 1990). Most adenomas in HNPCC mutation carriers
show MSI or absence of IHC staining of one of the MMR proteins giving the possibility for
MSI- or IHC-analysis of large adenomas (De Jong et al 2004). The progression from
adenoma to CRC seems to be accelerated in HNPCC (Järvinen et al 1995; Jass 1995;
Lindgren et al 2002; Lynch et al 1995; Mecklin et al 1986).
5.2.5.3. Surveillance methods
5.2.5.3.1. Double-contrast barium enema
The double-contrast barium enema (DCBE) is inexpensive and cost-effective as a CRC
screening strategy. It examines the entire colon and rectum, but for the visualization of
the full colorectum a flexible sigmoidoscopy is recommended to complete the
examination. It is insensitive compared with colonoscopy, even in the hands of a skilled
radiologist (Rex et al 1997a; Winawer et al 2000). Furthermore, it is uncomfortable and, if
positive, requires a second bowel preparation and colonoscopy. Patients also claim to
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experience more discomfort with DCBE than with CT colonography (CTC) and would
prefer CTC to DCBE as a surveillance modality (Gluecker et al 2003). The rise in
diagnostic and therapeutic colonoscopy and CTC has led to a reciprocal decline in
DCBE, which has resulted in fewer radiologists who are well trained and expert in DCBE
(Rex 2002). The risk of colonic perforation in DCBE is rare, 0,004 % in a retrospective
analysis of over 700 000 DCBE examinations (Blakeborough et al 1997).
5.2.5.3.2. Colonoscopy
Colonoscopy was introduced in the early 1970s and since it makes endoscopic
polypectomy feasible it is the only technique available that gives the opportunity to
diagnose, take biopsies, and remove premalignant lesions during the same session.
Colonoscopy allows visualization of the entire colon, experienced endoscopists can
survey the entire colon in 92-97% of cases (Nelson et al 2002; Wexner et al 2001).
Incomplete colonoscopy requires either a repeat colonoscopy or some other
supplemental examination.
Colonoscopy is often regarded as the gold standard for detecting polyps or cancer, but
errors in the ability to detect neoplasia are well documented and the overall miss rate is
15-24% but improving with increasing polyp size. Polyps 1 cm are rarely missed (Hixson
et al 1990; Postic et al 2002; Rex et al 1997b). Conventionel colonoscopy has proven to
be more effective in polyp surveillance of general population than DCBE (Norfleet et al
1991; Winawer et al 2000). According to a Canadian population-based study, however,
4% of right-sided colon cancers were missed in usual clinical practice (Bressler et al
2004).
Colonoscopy has some limitations of use, for example the frequent need for sedation,
intraprocedural cardiovascular complications(1-2%), potential risk of perforation (0.03-0.8
%), bleeding (0.08-1.6 %), death (0.0001-0.3 %), and the cost of the procedure. The risk
of perforation and bleeding are of course greater after polypectomies (Rex et al 1997b;
Wexner et al 2001; Winawer et al 1997). HNPCC mutation carriers have described
regular surveillance colonoscopies as painful (36%), uncomfortable (39%), and easy
(25%) according to a Finnish questionnaire study (Pylvänäinen et al 2006).
5.2.5.3.3. CT colonography
CT colonography was first introduced by Vining in the mid-nineties (Vining 1997). It is a
rather new non-invasive imaging technique, which involves full bowel preparation
followed by rectal gas insufflation and helical CT scanning of the distended colon. Images
are then evaluated using image analysis software. The terms CT colography, CT
colonoscopy, CT pneumocolon, virtual colonoscopy, and virtual endoscopy have all been
used in literature.
Bowel preparation for CTC
The bowel preparation is important and a well-cleansed and well-distended colon
facilitates polyp detection and minimizes false-positive findings. The bowel preparation
though is considered troublesome by many patients and often residual fecal material or
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fluid are present in the colon. This has lead to the concept of fecal tagging, which can be
achieved by ingesting small amounts of barium or iodine with the meals prior to imaging
(Lefere et al 2005; Macari and Bini 2005).
Technique and data interpretation in CTC
The images are obtained in both supine and prone positions after distending the colon
with room air or carbon dioxide.  CTC hardware and software are rapidly evolving areas
resulting in better performance and diminishing radiation exposure. These developments
are for the most part due to moving from a single-section scanner to multi-detector row
CT scanners allowing up to 64 sections to be obtained in a single rotation of the x-ray
tube. Multi-detector row scanners allow large volumes of data acquired in a single breath
hold. This near-isotropic data allow coronal, sagittal and endoluminal (virtual) images to
be obtained and thus, facilitates differentiation (Macari and Bini 2005).
There are two primary techniques for data interpretation, the 2D or 3D approach. Most of
the published series are based on 2D interpretation, which has its benefits. The whole
colonic mucosa can be visualized in one pass, which is time-efficient and many authors
have used 3D and multiplanar reformation only for problem solving. With improving
software and 3D workstations the time factor is, however, vanishing and the radiologist
can perform a “fly-through” (antegrade and retrograde) in the colon which simulates a
true endoscopy (Macari and Bini 2005).
Radiation Dose in CTC
When using imaging examination that uses ionizing radiation for surveillance purposes,
exposure is a serious concern. When a multi-detector row scanner and thin collimation
are used with two acquisitions the resulting exposure would be great. The radiation dose
can, however, be decreased at CT by increasing pitch and collimation or by decreasing
the peak voltage or milliampere-seconds level. Substantial reductions in milliampere–
seconds values can be achieved without sacrificing polyp detectability because there is
very high tissue contrast between insufflated gas and the colonic mucosa (Kalra et al
2004; Macari and Bini 2005).
In a study from Macari et al. (2002) the resultant effective doses for both supine and
prone imaging were 5.0 mSv for men and 7.8 mSv for women, which is similar to the
dose reported for DBCE and still, the sensitivity of CTC for the detection of 10mm or
larger polyps was greater than 90%.
Performance of CTC
The ultimate goal of CTC is the detection of all pathological lesions and the detection of
significant lesion would logically lead to colonoscopy and biopsies or polypectomy. The
definition of a clinically significant lesion is important from this point of view.
Most gastroenterologists agree that in a general population screening it is crucial not to
miss patients with lesions sized more than 10mm in diameter and would be desirable to
detect all lesions sized more than 6mm (Cotton et al 2004). There seems to be a majority
opinion among authors that diminutive colonic polyps could be regarded as clinically
insignificant and therefore ignored on CT colonography (Bond 2001; Dachman and
Yoshida 2003; Macari and Bini 2005).
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Several single-center studies have reported excellent per-patient sensitivities of more
than 90% for detection of large lesions (sized 10mm) but confusingly, there are other
large studies presenting much lower sensitivities, between 50-60% (Johnson et al 2003;
Pickhardt et al 2003; Rockey et al 2005; Yee et al 2001). According to a recent meta-
analysis of 24 CTC studies, the average per-patient sensitivity for detecting large polyps
was 93% (95%CI: 73% to 98%) and average specificity 97% (95%CI: 95% to 99%), but
these test characteristics diminished with the size of the target lesion. The data was too
heterogeneous to allow meta-analysis when polyps of all sizes were included, but the
sensitivities ranged between 45-97% and specificities between 26-97% among the
studies included (Halligan et al 2005).
Limitations, however, exist in these studies which should be taken into account when
considering expanding the indications to surveillance or screening purposes. The single-
center studies are emphasized in these figures and most of them were initiated by
committed radiologists, pioneers in the technique. To be valuable as a screening tool,
CTC must perform well in routine practice (Cotton et al 2004; Johnson et al 2003).
Additionally, the study populations have mostly been symptomatic patients and it is likely
that differences occur in polyp detection rates and a low prevalence of abnormality may
diminish sensitivity (Halligan et al 2005; Johnson et al 2003). Two large studies evaluated
CTC in an asymptomatic population and only one of them could reasonably claim that
subjects truly represented a screening population and again, the results were mixed
(Johnson et al 2003; Pickhardt et al 2003). According to a recent meta-analysis CTC is
highly sensitive for detection of cancer (Halligan et al 2005).
(The 5 largest studies published so far are presented in Table 9 in the Discussion)
Complications of CTC
Only few studies exist of complication rates of CTC. Pickhardt (2006) recently reported
the results of a large questionnaire survey which gathered the complications of 20
medical centers and of more than 21 000 CTC studies. The overall complication rate was
0.02%, colonic perforation rate 0.009%, and the rate for symptomatic perforations
0.005%. No perforations were seen in the patients in whom the colonic distention was
achieved with patient-controlled insufflation or a slow automated CO2-delivery compared
with staff-controlled manual insufflation.
5.2.5.4. CRC survival
The primary observation of better survival in HNPCC related CRC than in sporadic form
was from a small series in the late 1970s (Lynch et al 1978).  Sankila et al. (1996)
confirmed the finding later. They studied 175 patients with HNPCC related CRC and
compared them with more than 14 000 patients from the National Cancer registry who
had sporadic CRC. The 5-year relative survival rate for the HNPCC CRC-patients was
significantly better, 65% versus 44%, than for the patients with sporadic CRC. Similar
observations of better survival in relation to HNPCC have been published by other
authors and the phenomenon appears to be independent of stage (Aarnio et al 1998;
Watson et al 1998). HNPCC related CRC also seems to have better prognosis than CRC
related to patients with Familial Polyposis or Ulcerative Colitis (Aarnio et al 1998),  though
there are some contradictory results published as well (Bertario et al 1999).
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There is an apparent paradoxical correlation between the poor differentiation often seen
in the histology of HNPCC related CRC and the favorable prognosis (Mecklin et al 1986).
Speculations suggest that the peritumoral lymphoid response and Crohn’s-like pattern
may be indicative of a host defense mechanism (Graham and Appelman 1990).
5.2.5.5. CRC surveillance
The high risk of developing CRC in HNPCC has led to the concept of organized
surveillance. Within families in which a HNPCC mutation has been identified, family
members who test negative for the mutation are not at an increased risk of developing
CRC and do not need regular surveillance with colonoscopies. When a mutation has not
been identified in a family which fulfills the Amsterdam II criteria all family members are
possible gene carriers and thus require regular surveillance.
Colonoscopy is at the moment the most used method for HNPCC colorectal surveillance,
because it is easily arranged in an out-patient manner and it allows detection and
removal of a lesion in its premalignant adenomatous state and thus prevents cancer. The
surveillance may also detect CRC in its asymptomatic, early state.
The benefits of colorectal screening in HNPCC have been assessed in several studies
(Arrigoni et al 2005; De Vos tot Nederveen Cappel et al 2002; Järvinen et al 1995;
Järvinen et al 2000; Lanspa et al 1990; Love and Morrissey 1984; Mecklin and Järvinen
1986; Vasen et al 1989). The first descriptive series of colonoscopy as a screening
method in HNPCC were published in the 1980s. They all confirmed similar results of over
representation of colorectal tumors, in  particularly synchronous and metachronous
tumors and more proximal location of both adenomas and carcinomas thus suggesting
the adenoma-carcinoma pathway in tumorigenesis (Lanspa et al 1990; Love and
Morrissey 1984; Mecklin and Järvinen 1986).
Vasen et al. (1995) studied a series of 388 asymptomatic HNPCC family members within
a surveillance program offering colonoscopy in every 2 - 3 years. A control group
consisted of 238 family members with symptomatic CRC. Of the actual study group, 8.5%
were diagnosed with an adenoma and 2.8% (11) developed CRC during the 5-year follow
up. These 11 screened CRC cases were compared with the CRC cases in the control
group and they were of earlier stage and their 5-year survival was better than in the
control group (87% versus 63%).
A prospective, controlled study comparing colonoscopy surveillance with a 3-year interval
and no surveillance at all in the asymptomatic HNPCC family members started in 1984 in
Finland. The results of this study have been published in two sets, first in 1995 and the
final outcome in 2000 (Järvinen et al 1995; Järvinen et al 2000). The original division
between the two groups was made by the family members themselves, they were all
offered surveillance but some chose not to attend and some were not traceable. Because
of the long follow up some of the patients in original non-surveillance group eventually
started surveillance but the results were calculated according to the original status. The
CRC rate was reduced by 62% with surveillance. Eight subjects out of 133 (6%)
developed CRC during the study period compared to 19/119 (16%) in the control group.
The decrease resulted from the removal of adenomas in 19 family members. The stage
distribution of the CRC cases was significantly superior in the study group. All CRCs were
local compared with 10 local and 9 disseminated cases in the control group. No CRC
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related mortality occurred in the surveilled group compared with 9 CRC related deaths in
the control group.  The difference with the overall death rates was also significant, 10
versus 26 subjects.
A large HNPCC cohort study from the Netherlands showed that the CRC related
standardized mortality ratio has significantly decreased (70%) over time measured in 3
successive 15-year periods reflecting the era of surveillance colonoscopies. This
observation was confirmed by the finding of a significantly lower standardized mortality
ratio among the subjects who were involved in surveillance program compared with the
ones who were not (De Jong et al 2006b).
Several studies have shown that the risk of developing CRC before the age of 25 is very
low and there are only anecdotal examples of HNPCC patients who have developed CRC
before the age of 20 (De Jong et al 2006a). It is generally agreed that surveillance should
be initiated at the age of 20-25 years (Burke et al 1997; Mecklin and Järvinen 2005;
Vasen et al 1993). Since the cumulative lifetime risk of CRC in female MSH6 carriers is
significantly lower and the mean age at diagnosis is higher, it is suggested that in this
distinct group the starting of colonic surveillance could be postponed until the age of 30
(Hendriks et al 2004). Recommendations regarding the upper age of surveillance are few.
According to a Dutch study the risk of a 70-75 year old mutation carrier to develop CRC
in the next 10 years is still substantial compared to the mean life expectancy, thus
favoring continuing colonoscopic examinations till the age of 80, if the patient is otherwise
healthy (De Jong et al 2006a). A publication from an European group emphasized the
individual assessment on this matter (Vasen et al 2007).
Colonoscopic surveillance in HNPCC is estimated to provide greater quality-adjusted life
expectancy compared with all colectomy strategies in the mathematical Markov model
(Syngal et al 1998). Two studies on cost-effectiveness have been performed with
decision analysis comparing surveillance versus no surveillance with similar results.
Endoscopic surveillance starting at the age of 25 is extremely cost-effective (Olsen et al
2007; Vasen et al 1998).
5.2.5.6. Appropriate surveillance interval
The need for regular colorectal surveillance in HNPCC is widely accepted but no
conclusive evidence exists on appropriate surveillance interval. No prospective studies
are available comparing different intervals. The Finnish trial showed that colonoscopy
every 3 years significantly reduced CRC incidence and also mortality, probably because
of previous polyp removal (Järvinen et al 2000). Interval cancers (asymptomatic CRC
detected in scheduled surveillance colonoscopy), however, still did occur and have also
been detected in several other studies raising the doubt of surveillance intervals being too
long (Vasen et al 1995; Vasen et al 1995). On the other hand, it has been debated that
too frequent surveillance colonoscopies might warrant the compliance and to some extent
may adversely impact on resource availability (Brown et al 2003; Johnson et al 2006;
Lund et al 2001).
A retrospective cohort study of patients from 114 Dutch families meeting the Amsterdam
criteria (63 with an identified mutation) was conducted in 1985-2000. One aim of that
study was to compare the stage of the surveillance-detected cancers in relation to
surveillance interval between successive colonoscopies (2-3 years versus 1-2 years).
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The Dutch recommendations of colonoscopy interval had changed towards higher
frequency in 1996.
There were altogether 35 CRC cases detected within the surveillance program, 21 of
which were from the surveillance group with previous intact colon, 13 in the partially
resected colon group, and one in the subtotal colectomy group. The previous examination
preceding colorectal cancer had not been a complete colonoscopy in 7/35 cases (4 of
which developed Dukes C cancer) and additionally, 4/13 CRC cases in the partial colon
resection group were detected in the first postoperative colonoscopy giving rise to the
doubt that they were in fact synchronous cancers. Altogether 16/35 carcinomas were
detected with a shorter surveillance interval (  2 years), the remaining 19 with the
program using longer intervals (>2 years). Fifteen out of 16 of the tumors detected with
the shorter interval were at local stage compared with 6/19 in the group with longer
surveillance intervals. No statistical analyses were conducted (De Vos tot Nederveen
Cappel et al 2002).
The reasons for the interval cancers detected even during surveillance with 2-3 year
interval are debatable. At least 3 optional explanations to this exist. First, the lesions may
be missed in the preceding colonoscopy (Gorski et al 1999). Second, the lesions may
develop very fast from a tiny adenoma because of accelerated adenoma-carcinoma
sequence. Lastly, the lesions may be fast growing, true “de novo“ carcinomas.  Local and
national surveillance programs still suggest surveillance intervals with the range from 1 to
3 years. The International Collaborative Group on HNPCC (ICG-HNPCC) has recently
recommended a 1-2 year interval (Vasen et al 2007).
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5.2.6. Endometrial cancer in HNPCC
5.2.6.1. Incidence and clinical features
HNPCC-related endometrial carcinoma (EC) accounts for at least 1.8 % of all endometrial
cancer patients according a recent molecular screening study (Hampel et al 2006). The
likelihood of developing EC is higher than of developing CRC in the female HNPCC
population. The lifetime risk of EC is 42-60 % based on true mutation carriers harboring
MLH1 or MSH2 but even higher (71% at 70 years of age) for MSH6 mutation carriers
(Aarnio et al 1999; Dunlop et al 1997; Hendriks et al 2004). The risk seems to be higher
for MSH2 carriers than MLH1 carriers. (Vasen et al 2001). The cumulative risk of sporadic
EC up to age 75 years has been estimated as 1.7% (Amant et al 2005).
EC in HNPCC is characterized by an early age of onset. It is diagnosed approximately 10
years earlier than in the general population, at the mean age of 47 years, regardless of
the histology of the tumor (Broaddus et al 2006). Here again, the MSH6 carriers differ
from the others, the mean age at diagnosis is 54 years (Hendriks et al 2004).
Of sporadic EC 80% are of the endometrioid type. Most endometrioid carcinomas are
well to moderately differentiated and arise on a background of endometrial hyperplasia.
These tumors, also known as type 1 low-grade endometrial carcinomas, have a favorable
prognosis. About 10% of endometrial cancers are type 2 (high-grade) lesions. Women
with such tumors are at high risk of metastatic disease. These tumors are not estrogen
driven, and most are associated with endometrial atrophy. Abnormal uterine bleeding is
the most frequent symptom of EC (Amant et al 2005).
Of HNPCC-related EC, 86% are of the endometrioid type but in young age group the
HNPCC mutation carriers seem to have more non-endometrioid tumors (14%) than in the
sporadic setting (10%). A majority (78%) of HNPCC-related EC cases are detected at an
early stage (Broaddus et al 2006).
Van der Bos et al. (2004) from the Netherlands performed a small case-control study to
compare HNPCC-related and sporadic endometrioid endometrial carcinomas and they
found that the HNPCC-related ones were significantly more often poorly differentiated.
Most, but not all, cases of EC in known mutation carriers show MSI-H compared to MSI-H
prevalence of 15-30% in sporadic tumors. Most endometrial hyperplasias also present
with MSI-H phenotype (De Leeuw et al 2000; Hampel et al 2006).
5.2.6.2. Premalignant lesions
Endometrial hyperplasias are classified according to the World Health Organization
(WHO) system published in 1994 (Scully R.E. 1994). The classification divides
hyperplasias into simple and complex depending on the glandular architecture (Kurman
et al 1985).  Both simple and complex hyperplasias are further divided based on the
presence of atypia. Atypia usually occurs in endometrium with a complex architecture. All
the hyperplasias have an increased risk of developing an endometrioid-type endometrial
adenocarcinoma. The risk is lowest in simple and complex hyperplasias (1% and 3%),
which are usually self-limiting lesions and can regress. With atypical hyperplasia,
29
however, there is a considerable risk of transformation into an adenocarcinoma, with
complex atypical hyperplasia (CAH) the risk is 25–40% (Kurman et al 1985).
5.2.6.3. Survival and surveillance
Survival of sporadic EC differs greatly according to the FIGO stage. The 5-year survival is
around 85% for stage I (95% for low-grade stage IA), 75% for stage II, 45% for stage III,
and 25% for stage IV disease (Amant et al 2005).
The survival rate of HNPCC-associated EC is favorable. In a group of 125 women
fulfilling the Amsterdam criteria, Vasen et al. (1994) reported that only 12% died of EC.
Previous epidemiologic studies have shown that the 5-year survival for women with
HNPCC and EC is similar to those with sporadic EC (Boks et al 2002).
Because of the high risk of developing EC in HNPCC, regular surveillance has been
suggested. The possible surveillance modalities consist of clinical examination,
transvaginal ultrasound (TVUS), papa smear, tumor markers (CA 125, TATI), and
intrauterine (aspiration) biopsies. TVUS is easy for the patient and it can accurately
assess endometrial thickness. A thin and regular endometrial lining is associated with a
very low risk of EC as long as the endometrium is clearly visualized throughout the
uterus. The value of TVUS is among postmenopausal women, because in premenopause
the “normal” endometrial thickness varies with circulating concentrations of female steroid
hormones (Amant et al 2005). Endometrial sampling with Pipelle is a rather sensitive
method (81-91%) and specificity is good 98% (Dijkhuizen et al 2000). According to a
rather recent estimation endometrial biopsies are the most cost-effective modality when
the prevalence of EC is over 15%. TVUS followed by endometrial biopsy if an abnormality
is detected is the most cost-effective for populations in which the prevalence of
endometrial carcinoma is lower (Dijkhuizen et al 2003).
Two previously published studies of endometrial cancer surveillance in HNPCC exist. The
first was a joint study from Netherlands and England in which 269 women from suspected
HNPCC families were surveilled with TVUS scans within a 1-2 year interval. A total of 522
TVUS scans detected neither premalignant lesions nor EC. Two cases of interval EC
occurred 6 and 24 months after a normal scan (Dove-Edwin et al 2002). The other study
evaluated a 10-year experience of TVUS scan as surveillance modality. In all, 42 women
entered the program, 17 out of 179 TVUS scans were considered pathological, and the
women were referred to endometrial sampling. Three cases of premalignant complex
atypical hyperplasia cases were detected. One interval cancer occurred 8 months after a
normal scan (Rijcken et al 2003).
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5.2.7. Ovarian cancer in HNPCC
5.2.7.1. Incidence and clinical features
Very little is known about HNPCC associated ovarian cancer. The lifetime risk for ovarian
cancer in HNPCC ranges between 9-12 % compared to 1.3 % in Finnish general
population (Aarnio et al 1995; Aarnio et al 1999). The incidence of ovarian cancer among
HNPCC is one third or less of that among women with a BRCA mutation (Offit and Kauff
2006).
The ICG-HNPCC gathered information on 80 HNPCC-related ovarian cancer cases from
several countries. The mean age of onset was 43 years, strikingly early compared to the
general population (59 years). Most of the tumors (84%) were epithelial but often well or
moderately differentiated, 85% were of FIGO stage I or II at diagnosis (30% in the
general population). There was a modest excess of endometrioid subtype, which is
known to display MSI significantly more often than other subtypes and thus may reflect
MMR-deficiency. Synchronous endometrial cancers were reported in 21% of the cases
(Watson et al 2001).
5.2.7.2. Survival and surveillance
In sporadic ovarian cancer the 5-year survival rate is 64-89% in FIGO I classes and 13-
49% in FIGO III-IV classes. Poor prognosis of ovarian cancer is thought to be due to the
fact that the majority of women present with extraovarian, disseminated disease
(Rosenthal et al 2006).
Assessed from the retrospective material, the survival rates in stage-corrected HNPCC-
related ovarian cancer cases did not differ significantly from the general population. The
overall benefit in the HNPCC setting was assumed to reflect earlier stages at diagnosis
(Watson et al 2001).
Because of the high risk and poor prognosis, many recommend regular surveillance
among HNPCC mutation carriers. There are numerous studies published on ovarian
cancer surveillance in high risk BRCA mutation carrier groups but there is limited
information regarding the risks and benefits of surveillance in populations with a
moderate risk. There are no good modalities for early recognition of ovarian cancer.
TVUS and CA 125 biomarker are the frequently used methods but they have presented
with low positive predictive value in surveillance (Bosse et al 2006). According to a study
among women with intermediate risk of ovarian cancer, the surveillance was associated
with a substantial rate of abnormal screen results, endometrial sampling, and in women
with abnormal ovarian screening findings, a decrease in QOL scores (Kauff et al 2005).
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5.2.8. Gastric cancer in HNPCC
5.2.8.1. Incidence and clinical features
The second most common extracolonic malignancy among HNPCC mutation carriers is
gastric cancer with a cumulative incidence of 13% by the age of 70 compared to 0.8% in
the general population (Aarnio et al 1999). According to a study from Korea, the relative
risk of gastric cancer in HNPCC families is 3.2-fold compared to a reference population in
a gastric cancer endemic area. The risk is even higher (11.3-fold) in younger age groups
(Park et al 2000). The difference in risk may be due to environmental and/or ethnic risk
factors.
The HNPCC patients usually have an earlier onset of gastric cancer than the general
population (Watson and Lynch 1993). Occurrence of gastric cancer has been suggested
to be higher in HNPCC families with mutations of the MSH2 gene, but a Finnish study of
45 gastric cancer cases showed no differences between families with different mutations
(Aarnio et al 1997; Vasen et al 1996).
Aarnio et al. (1997) reported an over-representation (79%) of intestinal type of gastric
cancer among putative mutation carriers differing from the usual pattern in Finland (51%
intestinal type) (Lauren and Nevalainen 1993).
5.2.8.2. Etiopathogenesis of gastric cancer
An infectious agent, Helicobacter pylori, plays a dominant causative role in the etiology of
gastric cancer. The bacterial infection is usually acquired in early childhood. The
sequence of events from Helicobacter pylori infection, non-atrophic gastritis, chronic
atrophic gastritis, intestinal metaplasia to dysplasia are considered to be the precursor
cascade to the intestinal type of gastric carcinoma. Gland loss in atrophic gastritis is
considered the key event in progression to neoplasia (Correa 1992). In the diffuse type of
gastric cancer, no clear precursor lesion is known. Diffuse cancer is supposed to arise
from the inflamed mucosa such as Helicobacter pylori gastritis without intestinal
metaplasia. The histopathological status of gastric mucosa can be evaluated according
the Sydney System, which grades the severity of inflammation, activity (the degree of
polymorphic neutrophil infiltration) atrophy, and intestinal metaplasia on a scale from 0 to
3 from antral and corpus biopsies (Dixon et al 1996).
In a HNPCC setting the intermediate steps from the genetic predisposition to gastric
cancer are still unknown.  In a Finnish series of HNPCC –related gastric cancer cases the
prevalence of Helicobacter pylori was only 20% (Aarnio et al 1997).
5.2.8.3. Survival and surveillance
According to a Finnish study the 5-year survival in HNPCC-related gastric cancer is at the
same level as in sporadic forms, 15%. Among the cases where radical surgery was
possible, the 5-year survival was 48% (Aarnio et al 1997). In Japan, which is a high
incidence area, gastric cancer survival has improved with both mass screening
(photofluorography as fist line screening) and open access screening (endoscopy)
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leading to diagnosis at an earlier stage and thus improved survival. The 5-year survival of
early gastric cancer cases has risen to 90% (Whiting et al 2002).
The most used method of surveillance is upper GI endoscopy and biopsies. Other
possible strategies include Helicobacter pylori assessment and eradication and use of
biomarkers such as pepsinogens, gastrin, and Helicobacter pylori antibodies. The
biomarker surveillance focuses on finding atrophic gastritis as well as cancer (Cao et al
2007). In comparison, a study from England showed that annual surveillance of patients
with atrophic gastritis or intestinal metaplasia resulted in diagnosing gastric cancer at an
earlier stage and in improving survival (Whiting et al 2002).
There are no studies of gastric cancer surveillance among HNPCC families. Gastric
cancer surveillance, with regular upper GI endoscopies, is recommended to families in
which gastric cancer clusters (Vasen et al 2007).  In a German series, however, only 26%
of gastric cancer cases had a family history of gastric cancer, and 98% of the gastric
cancers were diagnosed after age 35. They suggested regular upper GI endoscopy in all
MLH1 and MSH2 mutation carriers starting at 35 (Goecke et al 2006).
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5.2.9. Other cancers in HNPCC
Many other malignant neoplasms are also involved in the HNPCC tumor spectrum
including carcinoma of urinary tract and kidneys, biliary tract, pancreas, small intestine,
and skin. Brain tumors are also seen in excess (Aarnio et al 1995; Aarnio et al 1999;
Mecklin and Järvinen 1991; Vasen et al 1990; Vasen et al 1996; Watson and Lynch
1993).
5.2.9.1. Carcinoma of urinary tract
Epithelial tumors of ureter and renal pelvis belong to the HNPCC tumor spectrum.
Their cumulative incidence up to 70 years has been estimated to range between 4%
(Finnish series) and 12% (Dutch and Norwegian series). In comparison, the cumulative
incidence is 0.7 in the Finnish general population (Aarnio et al 1999; Vasen et al 2001).
This difference probably reflects the fact that MLH1 mutation is more prominent in the
Finnish series and the risk for uro-epithelial cancers is higher among MSH2 than MLH1
mutation carriers (Vasen et al 2001). There is some evidence that the risk is even higher
in MSH6 mutation carriers (Wagner et al 2001).
The possible methods for uroepithelial cancer screening are regular urinanalysis for
hematuria or biomarkers, urine cytology, and radiological imaging of upper urinary
system. The sensitivity and specificity of urine cytology in screening for transitional cell
carcinoma are poor (Keir and Womack 2002). Most of the biomarker studies published
are of bladder cancer, which is rare in HNPCC. The markers seem to have higher
sensitivity but lower specificity than cytology in detecting bladder cancer (Lokeshwar and
Selzer 2006). Uroepithelial tumors may cause filling defects within the collecting system
or renal pelvis and excretory urography may help localisation of the tumor. Ultrasound is
insensitive for small (<1cm) renal masses and can lead to false-negative diagnosis
(Jamis-Dow et al 1996). Based on its availability and accuracy CT is considered the best
choice for surveillance imaging. MRI imaging is a suitable substitute without radiation
exposure but still not yet widely recommended for screening purposes, because of
quality- and cost-issues (Choyke et al 2003).
There are several other hereditary syndromes with a risk for renal cancer. Von Hippel-
Lindau disease is the commonest of them and the cumulative risk for (often bilateral)
renal carcinoma is almost 70% at the age of 60. In von Hippel-Lindau disease regular
renal surveillance is recommended using annual ultrasonography and abdominal CT with
2- 3 year intervals (Singh et al 2001).
The risk of urinary tract cancer in HNPCC is low compared to von Hippel-Lindau disease.
It is questionable whether screening for these tumors in all HNPCC families is justified
considering the accuracy of the surveillance methods available and the possible adverse
effects of them (radiation). Some families may present with a higher risk for uroepithelial
cancer and in those cases a targeted surveillance protocol may be considered.
According to a recent study the surveillance for uroepithelial cancers with urine cytology
is not effective in HNPCC. Only 0.05% of almost 2000 urine samples yielded an
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asymptomatic neoplasia but the rate of false positive results was great (Myrhoj et al
2007).
5.2.9.2. Brain tumors
Brain tumors are seen in excess in HNPCC patients. The cumulative incidence of brain
tumor was 3.35 at the age of 85 and 3.7 at 70 in Dutch and Finnish studies among
HNPCC kindreds. Various histological types and grades occur, especially gliomas,
glioblastomas or astrocytomas (Aarnio et al 1999; Lucci-Cordisco et al 2003; Vasen et al
1996).
Since its first description by Turcot et al. in 1959, the association of brain tumors and
colorectal carcinomas and adenomas has been refined. The Turcot syndrome can be
associated with two different types of germ-line genetic defects. Mutation of the APC
gene, usually found in FAP, or mutation of a MMR gene (MLH1, MSH2, PMS2) in
HNPCC (Hamilton et al 1995).
The risk of a brain tumor appears to be higher in MSH2 than MLH1 mutation carriers
(Vasen et al 2001). Verified mutation in PMS2 is a rather rare cause of HNPCC but
several of the reported PMS2 families have presented with central nervous system
tumors (Lucci-Cordisco et al 2003).
Organized regular surveillance is not assumed to be beneficial. Heightened clinical
suspicion and a more ready referral to neuroradiologic imaging in individuals with HNPCC
are recommended, especially if there are several brain tumors in the family (Vasen et al
1996).
5.2.9.3. Carcinoma of pancreas and biliary tract
The prevalence of pancreatic cancer in the general population is 8-12/100 000. More than
90% of pancreatic cancers are ductal adenocarcinomas, which are known for their
extremely poor prognosis, the median survival is only 4-6 months. Five-year survival
figures of 5-15 % have been published after radical surgery, but according to a
population-based analysis the overall 5-year survival was only 0.2% (Carpelan-
Holmstrom et al 2005).
The excess risk of pancreatic cancer in HNPCC is poorly documented. Reliable incidence
figures do not exist in literature because of only a few documented cases. Six cases of
pancreatic cancer were detected out of 1424 high-risk persons from Nebraska showing
no significant excess risk of pancreatic cancer when comparing the observed/expected
numbers (Watson and Lynch 1993). Six cases of pancreatic cancer were also identified in
a Finnish series of 293 putative gene carriers and when they were pooled together with
biliary tract cancers (7) and cancers of the Vater papilla (3), a joint cumulative risk of 6.8
% (upto 70 years) and 17.5 %(upto 80 years) was achieved (Aarnio et al 1995). In
HNPCC mutation carriers, the cumulative incidence (upto 70 years) for biliary tract cancer
is 2% (compared to 0.2% in the Finnish general population) (Aarnio et al 1999).
The efficient screening methods for pancreatic cancer could be high-quality dynamic CT,
endoscopic retrograde cholangiopancreatography (ERCP), magnetic resonance
cholangiopancreatography (MRCP), and endoscopic ultrasound which all have similar
diagnostic accuracy (Wong et al 2001). There are two published studies of cost-
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effectiveness in screening for pancreatic cancer among patients with hereditary diseases
with excess risk of pancreatic cancer. Theoretical calculations suggest that screening has
the potential to be cost-effective in Hereditary pancreatic cancer kindreds (lifelong risk
50%) and among patients with Hereditary pancreatitis aged 50 years or older (53-fold
increased risk) (Martin and Ulrich 2000). In another study pancreatic cancer screening in
Peutz-Jeghers syndrome would cost over US$ 350 000 per life saved and the screening
was recommended only on a research basis. Arguments against screening included
unpleasantness of repeated testing, complications, cost, poor sensitivity and specificity,
and current lack of evidence of effectiveness (Latchford et al 2006).
5.2.9.4. Carcinoma of small bowel
Small bowel carcinoma is rare in the general population. In a recent population based
study from France the mean age at diagnosis was 64 years for men and 70 years for
women. Overall annual incidence rate was 1.8 and 1.5 /100 000 for men and women and
standardized incidence ratios were 1.2 and 0.8 /100 000 respectively. The tumor
histology was heterogeneous, adenocarcinomas as the largest group (40%). The overall
10-year survival rate was 29.6% and adenocarcinoma and sarcoma had the worst
prognosis. Stage at diagnosis was a major determinant of survival (Lepage et al 2006).
Patients with hereditary CRC syndromes have a significantly increased risk for small
bowel cancer.  Watson and Lynch (1993)  calculated that putative HNPCC mutation
carriers have 25-fold risk of small bowel cancer. The estimates of lifetime risk range
between 1-4 % in HNPCC and the risk appears to be higher in MLH1 mutation carriers
compared to MSH2 (Aarnio et al 1995; Vasen et al 1996).   According to an analysis from
Germany the median age at diagnosis is 39 years in HNPCC mutation carriers. Of
HNPCC-related small bowel carcinomas 50% were located in duodenum and 75% were
adenocarcinomas. The overall 10-year survival rate was 87%. Almost all of the tumors
showed MSI-H (Schulmann et al 2005).
Because of the rarity of small bowel carcinoma there are neither recommendations for
nor data of efficacy of surveillance. Half of the small bowel cancers are located in the
duodenum and could theoretically be detected in upper GI endoscopy, which may affect
the estimates of necessity of regular gastroduodenoscopies in gastric cancer
surveillance.
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5.2.10. Role of prophylactic surgery in HNPCC
The issue of risk-reducing surgery in HNPCC is rather complex due to several reasons.
The patients own mutation status, the underlying germline mutation, the phenotype
presented in the kindred, efficacy of surveillance, risk of surgery, and finally the patients
will all have an effect on decision making when pursuing a healthier and longer life.
5.2.10.1. Colorectal cancer
The 80% lifetime risk of CRC, 16% risk of metachronous cancer in 10 years after partial
resection, and the 3% risk of rectal cancer after subtotal colectomy are figures that
advocate considering risk-reducing colorectal surgery (Aarnio et al 1995; De Vos tot
Nederveen Cappel et al 2002).  Colorectal surveillance in HNPCC, although efficient,
cannot guarantee CRC-free life and interval cancers still do occur although the survival is
better with surveillance. On the other hand, because of the incomplete penetrance of the
mutation, 20% of HNPCC mutation carriers will never develop CRC.
Another aspect to consider is the risk of cancer and mortality due to other tumors of the
HNPCC spectrum since protection from CRC may not necessarily lead to prolonged life
expectancy (Syngal et al 1998).
If a mutation carrier already has a CRC or a large adenoma, the option of expanding the
partial resection to subtotal or total colectomy should be carefully discussed with the
patient. The risk of metachronous CRC will be reduced by a larger resection and the
further surveillance of the remaining rectum will be easier (Van Dalen et al 2003). There
are no trials that would demonstrate improved survival for HNPCC patient after colectomy
and ileorectal anastomosis. Some mathematical models, however, have been
constructed. Syngal et al. (1998) used a decision analysis model in which they compared
various management strategies for mutation carriers and found that prophylactic
colectomy at 25 years of age led to the greatest life expectancy, with a gain of 2.1 years
with proctocolectomy and 1.8 years with subtotal colectomy compared with surveillance.
If surgery was performed at an older age or at identification of an adenomatous polyp or
colorectal cancer, the benefits of colectomy decreased. Quality-adjusted life expectancy
was better with subtotal colectomy than proctocolectomy, but best with endoscopic
surveillance.
Prophylactic surgery without any pre-existing neoplastic lesion is indicated only in those
patients for whom colonoscopic surveillance is not technically possible or who refuse to
undergo surveillance (Guillem et al 2006).
5.2.10.2. Gynecological  cancers
Female carriers of the MMR gene have an elevated risk of EC with a lifetime risk of 42-
60% and an ovarian cancer risk of 9%. The risk of EC is highest in MSH6 carriers (Aarnio
et al 1995; Hendriks et al 2004). The survival rate of HNPCC-associated EC is favorable,
which is not the case in HNPCC-related ovarian cancer (Vasen et al 1994). The current
evidence of efficacy of screening is poor (Dove-Edwin et al 2002; Rijcken et al 2003).
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A retrospective study observed benefit of prophylactic hysterectomy and bilateral
oophorectomy in HNPCC mutation carriers compared to age-matched HNPCC controls
from the same geographical area. Median age at operation was 41 years. None of the
HNPCC patients subsequently had neither endometrial nor ovarian cancer compared to
33% and 5% among the controls. The risk for surgical complications was 1.6% (Schmeler
et al 2006). Prophylactic surgery reduces, or abolishes, the risk of EC and ovarian
cancer, but can be considered major surgery with morbidity and, very seldomly, even
mortality (Mäkinen et al 2001).  Hysterectomy causes premature menopause if done at a
younger age, as may be the case in HNPCC. There is little data of the effect of
surveillance or risk-reducing surgery of gynecological cancers in HNPCC and prospective
trials are needed (Offit and Kauff 2006). Prophylactic surgery can be considered in
mutation carriers of any MMR gene but especially of MSH6 because of their higher risk
for EC. The child bearing option is important in considering the timing of the operation.
Prophylactic surgery may also be considered when laparotomy for some other reason is
performed (Vasen et al 2007).
5.2.11. General aspects of surveillance
The ethics of a doctor-patient relationship are straightforward when a patient presents
with symptoms and seeks help but the situation is different with screening and
surveillance. By definition, the subject for screening is asymptomatic and further
examinations are pursued by either the physician or health care system. The
examinations and further management may be unpleasant, dangerous, may cause worry
and influence their quality of life, and, in the case of a false positive finding, may be
valueless. One issue to consider is the cost. Most societies have some restrictions on the
amount of money that can be spent, and therefore, the cost-effectiveness of surveillance
programs should be determined (Parsonnet and Axon 1996).
In the case of HNPCC the patients are at considerable risk of different cancers and the
aim of organized surveillance is to detect the tumors in their premalignant state and thus
prevent cancer, or at least detect the cancer, in such an early stage that full recovery can
be achieved. The main goal is to improve survival.
The general prerequisites for successful screening or surveillance are: Screening
protocols should be directed towards those with a relatively high incidence. The condition
to be screened should have a natural history with high a death or disability rate. There
should be an accepted treatment, which in early stage would reduce death or disability.
The screening tool must be efficient, easily applied, and be acceptable to patients. And
finally, the costs should be economically balanced (Holland et al 1991; Parsonnet and
Axon 1996).
The fundamental requirement for screening is for the true positive to false positive (TP:
FP) ratio to be  1.0, since the proportion of false positives must not exceed that of true
positives by any large amount. If the TP:FP ratio is much less than 1.0, then any benefit
derived from screening is lost due to excess morbidity, mortality or costs associated with
examining and treating a large number of false positives (Wong et al 2001).
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5.2.11.1. Compliance with surveillance in HNPCC
Maintaining compliance is essential for good results in any surveillance program. In
studies on follow-up colonoscopy after polypectomy in the general population the
compliance rate has been 80-85% (Colquhoun et al 2004; Winawer et al 1993). In a
prospective HNPCC surveillance study from Finland, the reported compliance was 93%
but in a more recent retrospective questionnaire-based study the compliance was
significantly better, 98.8% among mutation carriers (Järvinen et al 2000; Pylvänäinen et
al 2006). An essential factor affecting the compliance is the awareness of ones own
situation and genetic testing is known to improve screening compliance (Wagner et al
2005).
Two recent studies addressed the issue of compliance and clarified the patients opinions
of surveillance colonoscopies. Colonoscopies were experienced as painful in 36% or
uncomfortable in 39% of the patients in a Finnish study and respectively, 57% of the
healthy Dutch patients described them as unpleasant , 32% as fearful, 51% as painful,
16% as shameful, and 14% as hazardous (Pylvänäinen et al 2006; Wagner et al 2005).
Many patients find the regular colonoscopies appalling and painful, which is a matter to
consider when assessing the colonoscopy intervals. Lund et al. (2001) observed that
failure to follow up was greatest in those having an annual examination compared with
two- or five-yearly surveillance examinations. Sufficient use of sedatives or analgesics in
colonoscopies might also improve compliance.
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6. AIMS OF THE STUDY
1)  To determine whether CRC detection in HNPCC patients by surveillance is
prognostically advantageous because of early diagnosis. To compare the outcome of
HNPCC patients whose CRC was found within a surveillance program with the outcomes
of symptomatic CRC patients in the same families who had not been subjected to
prophylactic screening.
2)  To test the hypothesis that the MMR-gene mutations in HNPCC may accelerate the
progression of gastritis and development of atrophy and dysplasia or intestinal
metaplasia, and thus cause an excess of cancer at a younger age compared to mutation-
negative family members. With this hypothesis we could evaluate the effect of gastric
surveillance.
3)  To describe the results of endometrial cancer screening in the Finnish HNPCC
registry. To compare the outcome of HNPCC mutation carriers with EC diagnosed by
surveillance with those patients whose EC was detected because of symptoms. To asses
the benefit of intra-uterine biopsies in endometrial surveillance.
4)  To compare CT-colonography with optic colonoscopy in surveillance setting in
HNPCC mutation carriers. To asses the possible benefit of detecting incidental extra-
colonic malignancies with this method.
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7. PATIENTS AND METHODS
7.1. HNPCC REGISTRY
All the studies in this thesis concern data relating to patients in the Finnish HNPCC
registry. The HNPCC registry was established in 1983 and 190 families are now in it.
Almost all meet the Amsterdam II criteria and in 144 of them the underlying germline
mutation has been detected. Family members from 111 families form the data basis of
this thesis.  A total of 579 family members participated in the studies of this thesis, 106
participated in two separate studies and 11 were involved in three studies. The mutation
testing in Finland started in 1995-1996 and by now over 1814 family members have been
tested and 864 of them have been identified as mutation carriers.
7.2. DATA COLLECTION
The patients clinical data and the pathology reports were collected from original patient
records from several hospitals around Finland. The Finnish Cancer Registry verified the
cancer cases.  Survival data were checked at the Population Registration Center of
Finland. In Study III, the pathology specimens for premalignant lesions were collected
from different hospitals for reviewing. The patient demographics are gathered into Table 1
from all the studies.
Table 1
Patients





(%) (%) (%) years
(range)
(%)
Study 1 (all) 57 86
Study 1
(study group) 26 88 33 85 97 3 0 46 (28-71) 64
Study 1
(control group) 50 86 104 53 96 4 0 46 (26-77) 58
Study 2 (all) 29 100
Study 2
(study group) 28 100 73 100 100 0 0 49 (28-71) 36
Study 2
(control group) 13 100 32 0 0 0 0 51 (35-78) 47
Study 3 103 100 385 100 87 8 5 0




All new CRC cases occurring in known HNPCC families in Finland from 1983 to the end
of 1997 were the material for this study. The patients came from 57 different families, 49
families with a known mutation and 8 families which met the Amsterdam criteria. There
were 137 CRC patients divided into two groups, dependent on how their CRC had been
diagnosed. Thirty-five cases of CRC in 33 patients had been diagnosed via the
surveillance program and 115 carcinomas had been found in 104 patients due to
symptoms. The non-surveilled group mostly had not been aware of their susceptibility to
cancer, nor had they taken part in any screening program. Half of the patients in the
surveilled group underwent screening in Helsinki University Central Hospital, and the rest
in 8 hospitals scattered all over Finland.
7.2.2. Study II
Seventy-three mutation-positive and their 32 mutation-negative HNPCC family members
were willing to take part in this study. Of the control subjects, 18 were first degree
relatives to one (or more) mutation-positive study subjects, 6 were second degree
relatives, and the rest were other relatives.
A single upper gastrointestinal endoscopy was performed between autumn 1996 and
spring 1998. This was conducted in three Finnish hospitals providing HNPCC
surveillance endoscopies.  Biopsies were taken from antral and corpus areas and were
evaluated according to the Sydney System to grade the histopathological features. This
grades the severity of inflammation, activity, atrophy, and intestinal metaplasia on a scale
from 0 to 3 (Dixon et al 1996). The biopsies were examined by the hospitals own
pathologists, and later in a double-blinded manner by a single pathologist specialized in
this field.
7.2.3. Study III
This data consisted of all 385 Finnish female mutation carriers tested from 1996 through
May 2005. They represented 103 families with 32 different mutations.
Surveillance guidelines for endometrial cancer in HNPCC in Finland recommend
ultrasound and intra-uterine sampling biannually or with a three-year interval after age 30-
35. Mutation testing has been available in Finland since 1996 and all those tested as
mutation carriers have been advised to visit their local hospitals for regular cancer
surveillance. Some members of the families fulfilling the Amsterdam criteria began the
gynecological surveillance protocol before actual mutation testing.
Out of all the 385 women, the uterus had been removed previously, either for benign or
malignant reasons, in 138 cases so there was no need for further surveillance. For other
reasons, 72 women withdrew from surveillance. Thus, 175 actually entered the
gynecological surveillance program (Figure 1).
Altogether, 503 surveillance visits were arranged and 759 surveillance years passed from
the time of enrollment until hysterectomy, death, or the end of the study period
(September 2005). The median follow-up time since the first surveillance visit was 3.7
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years (range 0-13 years). Fifty-three women had attended only one surveillance visit by
the end of this study.
The EC cases detected in the surveillance program were compared to those detected by
symptoms. Altogether 83 symptomatic mutation positive EC patients from the same
families had been diagnosed and treated between the years 1963 – 2004, their median
age was 50 (range 27–85). The treatment of EC patients diagnosed by surveillance took
place between 1996 –2004 and their median age was 52 (range 36-71). A single
gynecological pathologist re-evaluated the pathology reports of EC cases and the
specimens of the premalignant lesions in the surveillance group.
7.2.4. Study IV
We included all the eligible HNPCC mutation carriers on surveillance in Helsinki
University Central Hospital at the time of study enrollment. The data consisted of 78
patients, all tested as HNPCC mutation carriers from 38 different families. The study
examinations were conducted between November 2000 and June 2004.
Those subjects who had had previous right-sided colonic resection were excluded
because, at the time of study enrollment, the existence of ileocaecal valve was
Figure 1 Flow chart of Finnish mutation-positive HNPCC women according to their
gynaecologic surveillance and EC status
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considered necessary for the technical success in colonic distention. None of the patients
had had previous colon cancer. One patient was included with a prior rectal cancer,
treated with abdominoperineal resection and a permanent colostomy. Seven of the
patients had had gynecological cancer, two a cutaneous malignancy, and one a
glioblastoma.
CT Colonography
The enrolled patients went through a CTC just prior to a pre-scheduled surveillance
colonoscopy. Patients underwent standard colonic preparation with PhosphoralR
(Ferring, Norway). No fecal tagging was used. A rectal tube was inserted for room air
administration immediately prior to the CT performed with a 4-row multidetector scanner
(Marconi Mx 8000, Philips). A scout scan was taken and intravenous scopolamine was
routinely used. Twenty-seven patients (35%) received intravenous iodinated contrast
material during CT.  If the supine CT images contained fluid or were suboptimal in any
way, the images were obtained in prone position as well (58 cases, 76%). Image
interpretation was performed using commercially available software (Impax 4.5 Agfa) with
a multiplanar 2D reformation. Two radiologists interpreted the images in a blinded
manner, unaware of the results of the colonoscopy or of each other.  The two observers
had previous experience with CTC in >40 and >100 cases.
Colonoscopy
The routine colonoscopy served as a reference standard. Seventy-two examinations (92
%) were performed by one single colonoscopist, the rest by three other colorectal
surgeons experienced with this technique. Colonoscopists were blinded to the results of
CT colonography. A standard video colonoscope was inserted into the caecum and
sequentially withdrawn segment by segment for the detection of polyps. The
colonoscopist assessed the size and the location of each polyp visually. All polyps were
removed and sent for a histological evaluation.
Analysis
A polyp found in the CT image was considered a match if it was located in the same or
the immediately adjacent anatomic segment at colonoscopy and if its size was within the
limits of +/- 50% of the endoscopic measurement. A polyp found with CTC but not with
colonoscopy was regarded as a false-positive finding.
The colorectum was divided into six segments (caecum, ascending colon, transverse
colon, descending colon, sigmoid colon, and rectum) for quality measurement purposes.
The segments were evaluated for colon distension and for overall quality for analysis.
The results of the successive surveillance colonoscopies were also evaluated. Sixty-one
subjects have already had their following colonoscopy and the cancer cases found in
them were retrospectively compared with the earlier CTC findings.
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7.3. STATISTICAL ANALYSIS
We performed statistical calculations in studies I, II and III with the SPSS statistical
package (SPSS Inc., Chicago, Illinois).
7.3.1. Study I
We tested the difference between tumor stage distributions in the surveilled and non-
surveilled groups using the chi-squared test. Survival curves and CRC-specific survival
curves were constructed for each group using Kaplan-Meier analysis. The significance of
differences between the two groups was tested using the log rank test.
7.3.2. Study II
Cross-tables (Fischer’s exact test and McNemar in paired tests) were used with different
patient settings to examine the reliability of the sampling, and to exclude a possible
underlying bias. Binaric logistic regression analysis was used on the whole material
(mutation status as the dependent variable) and age, sex, occurrence of Helicobacter
pylori, atrophy, inflammation, activity, and intestinal metaplasia (the last five variables
transformed into dichotomous form) as independent variables. Each variable was also
calculated with stepwise, backwards elimination.
7.3.3. Study III
The difference between the FIGO-stage distribution of EC-cases in the two groups was
tested using the chi-squared test. EC related survival curves were constructed using
Kaplan-Meier analysis. The significance of differences between the two groups was
tested using the log-rank test.
7.3.4. Study IV
The sensitivity and specificity of CTC was calculated in a per-patient manner. The results
of the two radiologists were analyzed separately in two settings: discovering all the
lesions or the large ones only. Sensitivity, specificity, positive and negative predictive
values and their confidence intervals were calculated using CIA 2.1.1 software (Bryant
TN, University of Southampton).
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7.4. ETHICAL ASPECTS
For studies II and IV a written informed consent was obtained from every patient, as was
the case with the patients whose pathology specimens were reviewed in study III. The
study protocols were approved by the Ethics Committees of the Helsinki University
Central Hospital, (study II, IV) and the Jyväskylä Central Hospital (II). In addition, all
subjects of the HNPCC families have given written informed consent to mutation testing





The stage distribution of the 34 carcinomas in the surveilled group was significantly more
favorable than that of the 114 tumors in the non-surveilled group (p<0.001). Data for one
patient were missing in each group. There were five Dukes C cases (15%) in the
surveillance group. One of them was a CRC diagnosed during the patients first
colonoscopy. Two others had had very long intervals of 96 and 115 months since their
previous examination. In the remaining two cases, the intervals since previous
examination had only been 15 and 20 months.  There were no CRC cases with distant
metastasis. In the non-surveilled group, CRC was considered disseminated or inoperable
(Dukes D) in 19 cases (17%). Seventeen CRC cases (16%) were of stage Dukes C
(Table 2). Clinical details about the 21 interval cancer cases are presented in Table 3.
Synchronous CRC occurred in two patients in the surveillance group and in 10 in the non-
surveilled group. During this 15-year time period metachronous CRC was observed in 2
and 11 patients in the surveilled and non-surveilled groups, respectively.
Table 2
Stage distribution
Surveilled group Non-surveilled group
CRC cases 35 115
Dukes A 17  (50 %) 20  (17%)
Dukes B 12 (35%) 58  (50%)
Dukes C 5  (15%) 17  (16%)
Dukes D - 19  (17%)
Stage not known 1 1
Chi-squared test 18.05, p < 0.001 between the two groups
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Table 3
Clinical details about 21 cancer cases detected in 20 patients enrolled in
surveillance
(13 CRC cases discovered in first examination excluded)
No Age Prev. "clean" Interval Diagnostic Stage Site of cancer
(years) examination (months) examination
1 58 ES. 7 ES. A rectum
2 58 B.E. 7 ES. B ascending c.
3 48 ES. 12 ES. A rectum
4 48 ES. 13 ES. A rectum
5 62 ES. 15 ES. C transverse c.
6 43 ES. + B.E. 20 ES. C ascending c.
7 43 ES. 26 ES. A ascending c.
8 38 ES. 32 ES. B ascending c.
9 31 ES. 36 ES. A sigmoid c.
10 41 ES. 36 ES. B sigmoid c.
11 48 ES. 36 ES. A+A cecum and rectum
12 35 ES. 37 B.E. B cecum
13 55 ES. + B.E. 38 ES. B cecum
14 46 B.E. + SS. 39 ES. B ascending c.
15 33 B.E. 59 B.E. B+A ascending and
sigmoid c.
16 41 ES. 60 B.E. B transverse c.
17 71 ES. 61 ES. A rectum
18 58 ES. 68 ES. A transverse c.
19 38 ES. 96 ES. C rectum
20 57 B.E. 115 ES. C transverse c.
21 64 B.E. + SS. 122 ES. B+A transverse c. and
rectum.
ES.= full endoscopy, B.E = barium enema, SS.=sigmoidoscopy
Survival
Five out of 33 patients (15%) in the surveilled group had died compared to 40 out of 104
patients (38%) in the non-surveilled group. CRC resulted in two deaths in the surveillance
group and 33 deaths in the non-surveilled group. In the two cases of death because of
CRC in the surveilled group the tumor stages were A and B.  The first was a 71 year-old
man with a malignant polyp in the distal rectum who refused laparotomy. He was treated
by local excision and the actual lymph node status was therefore not known. He died 16
months later, with multiple metastases. The second case was a 55-year-old woman with
previous endometrial cancer. She died with multiple metastases one year after surgery
for caecal cancer originally staged as Dukes B.  In the non-surveilled group, the tumor
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stage distribution of fatal cases at the time of diagnosis was stage B in 12, stage C in 5,
and stage D in 15 cases. Stage information was missing in one case.
The cumulative CRC-specific survival was 93% in the surveilled group, significantly
higher than the 68% in the non-surveilled group (p<0.02) 10 years after surgery.(Fig 2).
The overall survival was also initially better in the surveilled group than in the non-



















































In 105 upper gastrointestinal endoscopies only one neoplastic lesion was found,
duodenal cancer of 2cm in diameter in a 69 year-old, mutation-positive man, whose
gastric biopsies were normal. Gastric polyps were found in 6 mutation carriers (8.2%) and
in 2 (6.3%) controls, 4 (5.5%) and 1 (3.1%) of which were cystic hamartomatous polyps,
the rest were inflammatory polyps.
The patient with duodenal cancer was operated on with local resection and died 2.5 years
later of metastatic disease. None of the others developed gastric cancer during a follow-
up period of 3 to 4 years according to the Finnish Cancer Registry.
Data check and gastric biopsy findings
For reliability reasons the whole data set was checked by calculating the difference
between mutation carriers and mutation negative family members with cross-tables in a
four-step fashion using either the whole material (Fischer’s exact test), including only the
12 families with their own controls (Fischer’s exact test), by pairing the whole material
randomly (McNemar test), or lastly by pairing the true siblings (McNemar test). These
results were very similar and showed no statistical difference, thus excluding a sampling
bias, and enabling us to continue with binaric logistic regression analysis on the whole
material.
No statistical difference arose in gastric biopsy findings between these two groups
regarding age, sex, occurrence of Helicobacter pylori (OR=1.8, CI=0.1–29.8, p=0.7),
inflammation (OR=1.2, CI=0.2–8.9, p=0.9), atrophy (OR=2.0, CI=0.3–12.5, p=0.4),
activity (OR=0.4, CI=0.0–6.5, p=0.5) or intestinal metaplasia (OR=0.8, CI=0.2–3.9, p=0.8)
analysed with binaric logistic regression analysis in fixed model and dichotomous
variables. Stepwise, backwards elimination was also used but it did not affect the results.
8.3. STUDY III
Endometrial cancer
One hundred and seventy-five women attended EC surveillance program. Among them
14 cases (8%) of EC (all adenocarcinoma) were discovered. In 11 of these cases the
diagnosis of EC was based on the screening examination, 2 others were interval cancers
based on symptoms manifesting 3 and 31 months after the surveillance visit. One occult
EC was discovered after prophylactic hysterectomy, which was performed (with no prior
endometrial sampling) during simultaneous colectomy for CRC. Of the 11 EC cases
found by true screening, 9 were detected or suspected by endometrial samples, 8 as EC,
and 1 as a complex hyperplasia (CH). Altogether 4 had a suspicious finding in TVUS and
2 had a suspicious PAPA smear. An increased tumor marker value (CA 125) was
observed in only one case (Table 4).
Table  4
Endometrial carcinoma cases in surveillance group







IU sample PAPA smear s-CA 12-5 s-TATI Histopathology Grade Stage
(months) (years) (kU/l) (nmol/l) FIGO
1 MLH1,ex12 37 53 normal EC normal na na E 1 3A
2 MLH1,ex16 37 51 normal EC na na na E 1 1B
3 MLH1,ex16 58 54 normal EC na na na E 1 1A
4 MSH2,ex12 35 52 thick EC na normal normal E 1 1A
5 MLH1,ex16 79 54 normal EC na na na E+C 1A
6 MLH1,ex16 100 66 thick atrophy susp npl normal normal E 2 1B
7 MLH1,ex14 19 47 thick EC na na na E 2 1A
8 MSH2,ex9 52 71 thick na na na na E 1 1B
9 MLH1,ex16 29 50 na EC susp npl 179 na E+sq 2 2B
10 MLH1,ex16 50 42 normal EC na na na E 2 1A
11 MSH6,ex4 11 53 normal CH na na na E 2 1B
12 MLH1,ex6 0 36 na na na na na E 1 1B
13¹ MLH1,ex16 31 43 E 1 1A
14 1,2 MLH1,ex16 31 42 1) E+C 3 1A
2) E 1 1B
1=interval cancer na=data not available E=endometrioid
2=two different foci of EC EC=endometrial carcinoma C=clear cell
CH=complex hyperplasia Sq=with squamous differentation
susp npl=suspicion of neoplasia
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The distribution of tumor stage tended to be more favorable in the group attending
surveillance than in the 83 mutation-positive EC patients who had not attended
surveillance, but the difference was insignificant (Pearson chi-square 0.67) (Table 5).
None of the surveilled EC-patients died of cancer in the mean follow-up time of 5 years
(range 1-9 years) compared to six deaths due to EC in the non-surveilled group within the
median follow up of 13.7 years (range 0-42). The difference in the survival curves (100%
versus 92% at 10 years), however, was not significant (p=0.4, log rank).
Six patients in the surveillance group exhibited elevated CA125 values half of whom were
transient, one had EC. Six patients had elevated TATI values, one of whom was
discovered to have ovarian cancer on the basis of pain symptoms 5 months later, others
showed no sign of neoplasia.
Table  5
Figo stage distribution of EC cases diagnosed by surveillance
or with symptoms












= 14 = 83
Endometrial hyperplasia
The surveillance of 175 women with IU-samples also detected endometrial hyperplasia in
14 (8.0%) women (Table 6), 11 of whom underwent a prophylactic hysterectomy and the
remaining  three, showed normal findings at 6, 16, and 45 months. The total frequency of
suspicious IU-samples in 503 surveillance visits was 25 (5.0%), and with EC alone, 11
(2.2%). One additional case of occult CH was discovered in a prophylactic hysterectomy
6 months after a normal surveillance visit, with TVUS only.
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Table 6
Premalignant findings in surveillance group
Patient Mutation Age at time of TVUS IU-sample Histopathology of
diagnosis (years) finding removed uterus
1 MLH1,ex16 47 normal CH, EP CAH
2 MLH1,ex16 48 normal CAH, EP no hyperplasia
3 MLH1,ex17 47 normal CAH CAH
4 MLH1,ex16 57 normal SH SH
5 MLH1,ex17 51 thick CH CH
6 MLH1,ex17 49 polyp CH, EP CH
7 MLH1,ex16 37 polyp CH, EP SAH
8 MLH1,ex13 56 normal CH, EP CH
9 MLH1,ex17 43 normal CH
10 MLH1,ex4 47 thick CH
11 MLH1,ex16 41 thick CAH, SH CAH
12 MLH1,ex16 49 normal SH
13 MLH1,ex17 44 normal CH no hyperplasia
14 MLH1,ex16 56 polyp CAH CAH
SH = simple hyperplasia CH = complex hyperplasia
SAH = simple atypical hyperplasia CAH = complex atypical hyperplasia
EP = endometrial polyp
Ovarian cancer
Of the 175 women surveilled, ovarian cancer of endometrioid type was detected in 4
(2.3%), none of whom were diagnosed at surveillance,  two of these were diagnosed by
symptoms 2 and 5 months after normal surveillance visits at the ages of  41 and 45 years
(stages III and I). The other had exhibited elevated S-TATI values repeatedly for several
years, but all other examinations had given normal results. Two other cases were
diagnosed incidentally during an operation for EC or complex hyperplasia at the ages of
42 and 50 years (each of stage I). All are still alive and well today.
Hysterectomies
Fifty-nine (34%) women from the surveillance group underwent a hysterectomy in the
follow-up period. Eight patients underwent a hysterectomy because of adenocarcinoma in
the IU-sample within surveillance, two patients because of symptomatic interval EC, five
patients on suspicion of ovarian mass or tumor, and one woman because of massive
bleeding.  The remaining 43 patients underwent a prophylactic hysterectomy because of





Seventy-eight HNPCC family members were enrolled and 76 (97%) of them underwent
complete optical colonoscopy. In two cases the colonoscopy was not completed to the
cecum. The bowel cleansing was considered suboptimal in 10 patients (13%).
Of the CTC examinations, 65% presented with optimal distension of the colorectum, 20%
with one segment suboptimally distended, and 15% with more than one segment
collapsed. We regarded 19% (88/468) of the segments studied as technically suboptimal
considering the overall effect of distension or remnants of fluid or feces in both
acquisitions. None was excluded.
Colonoscopy findings
We found 37 lesions in 28 subjects giving the prevalence of at least one lesion of any
kind, 35.9%. The number of subjects with at least one adenoma or carcinoma was 15.
Only 6 lesions above the 6mm size threshold occurred and 5 of them were 10mm in
diameter with prevalences of 7.7% and 6.4%. Two of these were CRC located on the
right side of the colon, each were stage Dukes A. Three large adenomas ( 10mm) in the
rectosigmoid area and one medium sized adenoma (6-9mm) in the anal canal were
identified. Thirty-one diminutive polyps were scattered around the colorectum, 11 were
adenomas, and the rest hyperplastic polyps (Table 7).
Diagnostic accuracy of CTC
The sensitivity for detecting a subject with at least one polyp of any size was 25% and
29% for the readers A and B.  Specificity for any lesion was 82% and 76%. For the
detection of lesions >10mm the sensitivity was 60% and 100%  for readers A and B, and
each of them achieved a specificity of 96% for the larger lesions (Table 8).  Each reader
identified the two cancer cases.
We could not see significant differences between patients receiving or not receiving
intravenous contrast medium. No complications occurred after CTC but one perforation
occurred after polypectomy of a rectal polyp.
Ten patients (13%) presented with extracolonic findings in CTC, 5 with a liver cyst and
one with a hemangioma in the liver. Additionally we found one ovarian cyst, one renal
cyst, one appendicolith, and one renal stone. Three subjects presented with
lymphadenopathy, one of whom had cancer in the ascending colon, staged later as




Site Histology Lesion size
2-5mm 6-9mm >10mm
caecum adenomatous 3 1*
hyperplastic 3






sigmoid colon adenomatous 1 1
hyperplastic 3
rectum adenomatous 5 2
hyperplastic 8
anal canal adenomatous 1
hyperplastic
TOTAL adenomatous 11 1 3+2* =17
hyperplastic 20 0 0 =20
= 31 =1 =5 =37
 * = cancer
The results of the successive surveillance colonoscopies
Sixty-one out of 78 patients (78.2%) have already gone through their next surveillance
colonoscopy (median interval three years) and three cases of CRC were found. One was
a sessile Dukes A carcinoma, the second a carcinoma in a pedunculated adenoma
(Dukes A), and the third was Dukes B (T3N0) carcinoma. The sessile Dukes A cancer
showed up in a surveillance colonoscopy 26 months after the study examinations. The
tumor was 25mm in diameter and located in the transverse colon. One of the radiologists
had seen a flat 5mm polyp in the same area, on the study CTC, which was considered a
false-positive at the time of analysis. No sign of any tumor appeared in a retrospective
analysis of the study CTC images of the other two patients with CRC discovered at 36
months and 45 months post-study.
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Table 8
Diagnostic performance of ct colonography (per-patient)
All lesions





positive predictive value 0,44 0,40
CI(95%) 0,23-0,67 0,22-0,61
negative predictive value 0,66 0,66
CI(95%) 0,54-0,77 0,53-0,76
> 10mm lesions





positive predictive value 0,50 0,63
CI(95%) 0,19-0,81 0,31-0,86




Different aspects of surveillance in HNPCC were studied in this thesis. The patient
material is representative, it consists of 579 family members from 111 Finnish HNPCC
families almost all harboring a known MMR-gene mutation. In studies I and III the patient
inclusion was derived from the national data and every eligible patient from Finland was
included. In studies II and IV the patients consented for radiological and endoscopic
examinations and were collected from narrower geographical areas because the study
was organized only in few hospitals.
When examining the efficacy of Finnish CRC surveillance in HNPCC patients we found
colonoscopic surveillance beneficial. Even if CRC cannot be fully prevented by
surveillance and polypectomies, tumors detected are usually of early stage and
expectation for survival is significantly better than if there had been no surveillance.  We
also explored the performance of a new technique, CT-colonography as an alternative
surveillance method and found its performance insufficient for polyp detection in this
population in which every polyp, no matter the size, should be detected and removed. We
searched for assumed differences in the gastric histopathology in MMR mutation carriers
and their mutation negative siblings but could not observe any differences, neither
premalignant lesions nor cancers. Endometrial cancer surveillance in HNPCC seems
effective because of the use of endometrial biopsies in addition to TVUS. Cancers in the
surveilled patients tended to be of an earlier stage than in symptomatic cases, and no
deaths from EC have yet been observed while under surveillance. Additionally, we
detected several premalignant hyperplastic lesions.
9.1. SURVEILLANCE OF THE COLON IN HNPCC (I)
The study of surveillance-detected CRC cases in HNPCC families (Study I) is the largest
reported and it covered all the CRC cases found in Finnish HNPCC families during 1983-
1997. Despite the retrospective nature of the analysis, some important conclusions can
be drawn. First, consistent with earlier observations in smaller series the tumors detected
by surveillance were at significantly more favorable stages than those in the non-
surveilled group (Järvinen et al 1995; Vasen et al 1995). This advantage in terms of stage
was reflected in a significantly higher CRC-specific survival in the surveilled group.
Overall survival was also initially better in surveilled patients but the difference was not
significant, probably because of the small sample size and short follow-up time in relation
to most cases.
The surveilled and non-surveilled groups were formed retrospectively according to the
way the cancer was diagnosed, in asymptomatic phase within a surveillance program or
because of symptoms. Thus, they are not similar even though patients came from the
same 57 HNPCC families, had been diagnosed during the same 15-year period, and
showed no intergroup difference in sex or age distribution. Our analysis concentrated
only on CRC patients and ignored all the healthy surveilled patients in which
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polypectomies had been done, so we took no account of the benefit achieved by removal
of adenomas in a number of other at-risk members. On the other hand, many potential
biases are involved, such as selection bias, lead time bias, and length bias all tending to
falsely favor surveillance (Holland et al 1991). The benefit of surveillance should ideally
be evaluated in a large randomized trial involving mutation carriers only. To our
knowledge only one good-quality prospective clinical trial, also published in 2000, exists,
in which all the family members were offered surveillance but some chose not to attend
and some were not traceable and thus formed the control group. In a 15-year follow up
the CRC rate was reduced by 62% with surveillance, all the CRC cases in the surveilled
group were local and there was no CRC related mortality. The difference in overall
mortality was significant (Järvinen et al 2000).
Another important observation was that not all cases of CRC can be prevented by
surveillance. There were 14 cancers diagnosed at the very first surveillance visit and an
additional 21 interval cancers, occurring after previous “clean” colon examination. A few
patients may even have advanced tumors with lymph-node metastases, as happened in
five of the patients (15%). These may be regarded as failures of surveillance, given that
the prevention of CRC via polypectomy, or at least early detection, are the goals. In three
cases, the cause of failure was obvious, surveillance had either been started too late
because HNPCC susceptibility in the family had only recently been discovered or the
interval between examinations had been too long because of problems with patient
compliance or the surveillance organization. In two cases, however, stage C tumors were
detected 15 and 20 months after previously negative colonoscopy. Additionally, in three
other cases early CRC (stages A, A and B) was discovered within less than a year of
previous, "clean" colonoscopy/barium enema.
The observation of (advanced) interval cancers raised a question as to the reasons.
Other factors than poor patient compliance or defective surveillance organization must
also be considered. It has been suggested that the surveillance interval of three years is
too long, in mutation carriers at least, partly because the progression from adenoma to
CRC seems to be accelerated in HNPCC (Järvinen et al 1995; Jass 1995; Lynch et al
1995; Vasen et al 1995). On the other hand, the five cases of CRC within 1 to 2 years
after a negative colonoscopy that we noted raise the possibility of missed adenoma or
early cancer. The overall polyp miss rate in colonoscopy is 15-24% but gets smaller with
increasing size of the polyp. Polyps 1 cm are rarely missed (Hixson et al 1990; Postic et
al 2002; Rex et al 1997b). The miss rate as high as 4% of right-sided colon cancer,
however, is documented (Bressler et al 2004). Even frequent colonoscopy may result in
some lesions being missed. Frequent colonoscopy increases inconvenience to and
anxiety in persons at risk, and gives rise to the danger of iatrogenic complications. The
appropriate interval between examinations probably needs to be studied in a randomized
trial. Because there is slight uncertainty even despite optimal colonoscopic surveillance,
prophylactic colectomy should be seen as one possible option, at least in cases in which
colonoscopy is technically difficult or when poor compliance can be expected because of
other reasons (Guillem et al 2006).
In general the prognosis in CRC is more favorable in members of the HNPCC families
than when it occurs sporadically (Aarnio et al 1998; Sankila et al 1996; Watson et al
1998). It was therefore surprising that the two fatalities from CRC in the surveilled group
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in our study were both originally classified as localized (stage A and B). Misclassification
may be the explanation for these cases.
Our study shows that colonoscopic surveillance is beneficial in at-risk members of the
HNPCC families. Even if CRC cannot be prevented by polypectomies, tumors found
during surveillance are usually detected so early that expectation of survival is excellent,
and significantly better than if there had been no surveillance.
9.2. UTILITY OF CT-COLONOGRAPHY  IN HNPCC (IV)
We examined the utility of CTC for the first time as a surveillance tool in a group of
asymptomatic MMR gene mutation carriers. Our material differs from earlier studies on
CTC in several aspects. The subjects were all asymptomatic and significantly younger,
but on regular surveillance because of their hereditary inclination. The prevalence of
abnormalities was 35.9% for any pathological lesion in colonoscopy, among the lowest
prevalences yet published (Halligan et al 2005). Furthermore, the great majority of lesions
were diminutive polyps. Only 7.7% and 6.4% were above the size thresholds of  6mm
and 10 mm, thus the size of the lesions distribution was very different from the previous
studies (Sosna et al 2003). To best simulate the average, every day routine we did not
exclude technically suboptimal examinations.
The per-patient sensitivity to detect at least one lesion, regardless of size, was 25% or
29% in our series, which reflects the great proportion of diminutive polyps and the low
overall prevalence of lesions.  The analyzing software was not dedicated and we did not
use fecal tagging, which may have effected the detection of polyps. Another reason for
the poor detection rate may have been the effect of collimation, which is associated with
improved detection of diminutive polyps (Macari et al 2002; Taylor et al 2002). Sensitivity
was of course improved if we included large lesions only and the interobserver variation
(60% and 100%) is explained by chance and the small number of large lesions. The
overall sensitivity was at the same level as in some previous studies but worse compared
with some others. Our results are presented in table 9 along with the five largest studies
so far published. CRC is usually well detected by CTC, as was the case in our study, the
two cancer cases were diagnosed in the CTC by each radiologist.
The specificity of our study was as low as 76% and 82% when all lesions were included,
which is at the average level especially when the distribution in lesion sizes is noticed.
When we included only the large lesions the specificity rose up to 96%.
Fifty patients presented without any findings in colonoscopy, but only 38 and 41 of these
were interpreted as normal in CTC by the two radiologists marking the amount of false
positive findings.
We did not detect extra-colonic malignancies with CTC in our series. An earlier detection
of asymptomatic tumors, e.g. in the small bowel, the kidneys, uroepithelial or
gynecological organs, or in the bile ducts might benefit HNPCC patients.
Some caution should be taken with our results. The number of the subjects included was
limited and the prevalence of adenomas was low, eventually leading to a low rate of
significant findings. Colonoscopy served as a gold standard, which by itself has
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limitations in polyp detection rate (Hixson et al 1990; Rex et al 1997b). It was impossible
to evaluate if some of the lesions found in the CTC and assessed as false-positive were
actually true-positive, but missed by the colonoscopist. Three subjects presented with
cancer in surveillance colonoscopies at 26, 36, and 45 months afterwards. One of these
had a 5mm polyp in the same area on the CTC, regarded as a false-positive but may
have actually been a true–positive finding.
Ionizing radiation in CTC, especially if used regularly poses a problem. Our aim was to
lower the radiation dose without losing the sensitivity to detect polyps, but the low-dose
protocols are not yet widely used (Rex et al 2006). The resultant effective doses caused
by a dual-positioned CTC examination (with a low-dose multi-row detector) is 5.0 mSv for
men and 7.8 mSv for women, similar to the dose reported for the DCBE (Macari et al
2002). The surveillance colonoscopies are recommended to be repeated every 1 to 3
years in HNPCC, leading to unbearable radiation doses if they were replaced entirely by
CTC examinations.
The size of an adenoma is the most important issue in determining the risk of
malignancy, but still 4% of the diminutive adenomas have unfavourable histology (Church
2004). The performance of CTC for diminutive (  5mm) polyps is quite poor, based on the
literature, and ongoing debate of their clinical importance in screening the general
population continues as most of them are not adenomas (Macari et al 2004). No such
thing as a “clinically irrelevant polyp” exists in HNPCC surveillance, however. On the
contrary, the aim is to remove all polyps regardless of size. The CTC performance in
detecting small polyps in our study was unsatisfactory for this particular patient
population. Additionally, the rate of false positive findings was worryingly high since, in
normal routine, they would lead to colonoscopy and repeated unnecessary examinations.
Two recent studies assessing the compliance to colonoscopy surveillance among
HNPCC mutation carriers observed rather negative experiences, 36-51% of the patients
found colonoscopies painful and 39-57% as uncomfortable (Pylvanainen et al 2006;
Wagner et al 2005). CTC may be more acceptable for the subjects and especially so if a
fecal tagging system evolves and makes it possible to drop the cathartic bowel
preparation in the future (Gluecker et al 2003; Iannaccone et al 2004). Even then the use
of CTC should be limited to occasional examinations to minimize radiation. On the other
hand, if a virtual colonoscopy using MRI technique develops, and achieves excellent
performance, it could become a promising option in screening and surveillance settings in
the future.
Our main result was that colonoscopy was confirmed to presently be the best modality for
CRC surveillance in HNPCC. Endoscopy is superior to radiological examinations in
enabling polypectomy during the same session and even small polyp detection was
clearly better. We do not recommend CTC as a regular surveillance method in HNPCC,
but it is a good alternative if the colonoscopy can not be completed or the subject has
other problems preventing regular colonoscopy. Additionally, CTC has the potential







Author year no of prevalence diminutive patients
 patients of lesions with 1-5mm 6-9mm overall 6mm 10mm 1-5mm 6-9mm overall 6mm 10mm
abnormality (%) symptoms
Yee 2001 300 61 57 100 % 82 93 90 nr 100 nr nr 72 nr 99
Rockey 2005 614 nr 81 88 % 45 55 nr 51 59 nr nr nr 89 96
Cotton 2004 600 51 79 87 % 13 30 nr 39 55 90 93 nr 90,5 96
Johnson 2003 703 nr nr 0 % nr 65 nr nr 64 nr 86 nr nr 95
Pickhardt 2003 1233 50 74 0 % nr nr nr 89 94 nr nr nr 80 96









nr = not reported
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9.3. SURVEILLANCE OF GASTRIC CANCER IN HNPCC (II)
Gastric cancer, usually of the intestinal type, belongs to HNPCC tumor spectrum and is the
second most common extracolonic cancer (Aarnio et al 1997). The standardised incidence
ratio in Finnish mutation carriers (mainly with a mutation in the MLH1 gene) compared with
the general population is 6.9 (Aarnio et al 1999). The intermediate steps from predisposition
to gastric cancer in HNPCC are still unknown, but the proposed sequence of events starting
from Helicobacter pylori infection, proceeding to superficial gastritis, atrophic gastritis,
intestinal metaplasia, dysplasia, and finally intestinal cancer may present in this context as
well (Correa 1992). The Helicobacter pylori infection which works as the trigger in this
sequence is, however, rare among Finnish HNPCC patients (Aarnio et al 1997). The
survival in gastric cancer is quite poor unless it is detected at an early stage. Some
evidence shows that a targeted surveillance of patients with atrophic gastritis or intestinal
metaplasia resulted in diagnosing gastric cancer in earlier stage and in improved survival
(Whiting et al 2002).
We searched for some difference in gastric histopathology between mutation carriers and
their mutation-negative family members that would clarify the steps of gastric
carcinogenesis in HNPCC or give tools for prevention and early detection. The control
group was gathered from the mutation-negative siblings to minimize environmental effect on
the cancer risk. There were, however, no differences between these two groups. In addition,
there were no cases of premalignant dysplasia or early cancer in either group warranting
further surveillance or prophylactic treatment to prevent cancer. Furthermore, in the one
case of duodenal adenocarcinoma detected, the tumor was advanced and the patient died
of metastatic disease within 3 years following local surgery. Thus, no benefit was
demonstrable in gastroscopic surveillance for MLH1-positive HNPCC subjects.
Our study has some limitations. Our series was of relatively limited size and it included one
endoscopy session only. A longer follow-up with repeated examinations might have yielded
more findings. Uneven sampling of patients from different families may have had an effect
on the outcome. Additionally, there remains a possibility that certain mutation types or
mutations in other MMR-genes than MLH1 may have a different gastric cancer risk, as has
been debated (Aarnio et al 1997; Vasen et al 1996). The patients in this study and the
Finnish HNPCC material differ from some other countries due to an excess of mutations in
MLH1 gene. It remains to be shown whether the endoscopic findings are different in
geographic areas with endemic high risk for gastric cancer, or in families with mutations in
the MSH2 or MSH6 genes. Helicobacter pylori infection may imply a significant risk for
HNPCC mutation carriers. The prevalence of Helicobacter pylori was about 26% in
mutation-positive individuals in this study and eradication was undertaken in all cases
detected.
Gastric cancer surveillance with regular upper GI endoscopies is, at the moment,
recommended only to families in which gastric cancer clusters but there are other opinions
as well suggesting regular endoscopies to every mutation carrier regardless of the family
history (Goecke et al 2006; Vasen et al 2007). Systematic, regular gastric cancer
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surveillance in HNPCC can be justified only if earlier diagnosis and better prognosis can be
achieved with them. Further randomized studies are needed to asses the need for
surveillance.
9.4. SURVEILLANCE FOR ENDOMETRIAL CANCER IN HNPCC (III)
Recommendations for EC surveillance in HNPCC date back over twenty years. Although
the risk of EC is high it has rather good prognosis and it usually presents early with bleeding
as the typical symptom. Only two studies are published of endometrial cancer surveillance
with rather modest results, both using TVUS as the primary surveillance method (Dove-
Edwin et al 2002; Rijcken et al 2003). Our present surveillance program of 175 mutation-
positive women at risk for EC yielded 11 asymptomatic cancer cases and 14 others with a
premalignant lesion in 503 surveillance visits. The frequency of significant findings was
14.3% of persons surveilled, or 5.0% of screening visits within the median surveillance
period of 3.7 years. The stage distribution of the EC tumors in the group under surveillance
tended to be more favorable than that of the mutation-positive symptomatic EC patients of
the same families who had no surveillance. Furthermore, none of the surveilled EC patients
died of EC compared to six in the non-surveilled group. No statistical significant difference,
however, aroused in stage distribution or in survival, between the two groups. Thus, the
most important advantage of the surveillance may lie in the frequent detection of
premalignant lesions, which enables prophylactic hysterectomy in due time and potentially
reduces EC incidence.
TVUS proved relatively insensitive in our series supporting the two previous reports on
surveillance for EC using TVUS. Adenocarcinoma was diagnosed by IU-sample in several
patients with a normal endometrium in TVUS. Dove-Edwin et al. found no asymptomatic EC
in a group of 269 women belonging to HNPCC families, neither did Rijcken et al. in a series
of 41 mutation-positive women (Dove-Edwin et al 2002; Rijcken et al 2003). This latter
study, however, revealed suspicious TVUS findings in 17 of the 179 examinations, which
led to endometrial sampling, and the discovery of premalignant CAH in three cases. The
combination of endometrial biopsy and TVUS in our series resulted in more than twice as
many malignant or premalignant findings as in the series of Rijcken et al. in terms of patient
years at risk. This suggests that endometrial biopsies increase the efficacy of endometrial
screening. The comparison of these 3 studies on EC surveillance is presented in Table 10.
Interpretation of the clinical significance of hyperplasias may be difficult. Endometrial
hyperplasia precedes the development of adenocarcinoma but it may disappear
spontaneously as well. Hyperplasia may be simple or complex and all types carry the
malignant potential to some degree. The occurrence of atypia represents the greatest risk
for progression. With CAH, the risk is 25–40% (Kurman et al 1985; Montgomery et al 2004;
Terakawa et al 1997). There were altogether 14 cases with endometrial hyperplasia in the
present IU samples, 4 had CAH, 8 had CH, and 2 had SH. Eleven of the 14 patients
underwent a prophylactic hysterectomy and no EC was found in the removed endometrium.
Hysterectomy for premalignant lesions in these 11 cases very likely prevented the
development of cancer, at least for some.
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It is hard to prove benefit in survival with EC surveillance because the prognosis can be
very good even in symptomatic cases. In a study of 50 Dutch women with EC from HNPCC
families the five-year survival rate was 88%, and in this present series of 83 symptomatic
non-surveilled women, it was 92%. This baseline figure reflecting the survival without
surveillance is assumed to be overoptimistic because it is based solely on mutation-positive
members of the families, and thus several historical cases who had died of EC before
genetic testing was possible were excluded causing selection bias. No deaths occurred
among the surveilled persons in our series. It must also be noted that the size of the group
in surveillance is still too small and the follow-up period too short for final evaluation of
prognostic advantage.
The Finnish HNPCC registry does not recommend the use of tumor markers in screening
for endometrial or ovarian cancer because the determination for screening purposes may
cause more harm and unnecessary worry than benefit, and it is discouraged as a
surveillance modality (Kauff et al 2005).  TVUS and CA 125 biomarker have also presented
with low positive predictive value in surveillance for ovarian cancer, which is in accordance
with our results (Bosse et al 2006). Markers were, however, obtained in 144 screening visits
(28%), mostly CA 125 and TATI. Only one EC patient exhibited an elevated CA 125 level
while five other patients exhibited such elevated levels for no clear reason. Such was also
the case with TATI in five other cases. One woman repeatedly showed an elevated S-TATI
value with no other pathological findings. Eventually she was diagnosed with symptomatic
ovarian cancer. Prophylactic ovarectomy may remain the only effective option to reduce
mortality due to ovarian cancer, but it may be hard to accept by persons at risk.
The proportion of prophylactic hysterectomies (25%) in the surveillance group was high in
our series. Fourteen women of the altogether 43 cases with prophylactic hysterectomy
showed a premalignant lesion in the prior surveillance samples, which led to the operation.
Prophylactic surgery certainly reduces, or abolishes, the risk of EC (Schmeler et al 2006) ,
but nevertheless also causes morbidity and, very seldom, even mortality (Mäkinen et al
2001). Therefore, surveillance using endometrial sampling may present as a less invasive
but still effective alternative to prophylactic surgery in the prevention or early detection of
EC in mutation carriers of MMR-genes.
In conclusion, EC surveillance in HNPCC seems more effective with the use of endometrial
biopsies in addition to TVUS alone. Tumors in the surveilled patients tended to be of an
earlier stage than in symptomatic cases, and no deaths from EC have yet been observed
while under surveillance. A longer follow-up period and a larger group of surveilled patients
are, however, necessary to demonstrate a definite survival benefit. There is potential gain in




The outcome of surveillance for endometrial cancer
in Lynch syndrome families
UK/ The Netherlands The Netherlands Finland
Dove-Edwin et al
2002
Rijken et al  2003 Renkonen-Sinisalo et al
2006
No of subjects 269 41 175
Mutation carriers (%) not mentioned 27 % 100 %




Number of TVUS scans 522 179 476
Frequency of TVUS 1-2 years 1 year 2-3 years
Number of aspiration biopsies  - 17 382
Premalignant lesions  - all not mentioned 14
 -  CAH 3 5
 -  other hyperplasias not mentioned 9
Screen-detected cancer 0 0 12*
Interval cancers 2 1 2
Figo I 2 1 12
Figo II  -  - 1
Figo III  -  - 1
 * one occult cancer detected at surgery included
9.5. FUTURE ASPECTS
Many aspects of surveillance are still unsolved and questions arising from these series
remain to be answered and require further studies.
One of the most important issues yet to be determined is the most appropriate time interval
for surveillance colonoscopies considering the efficacy, compliance, and cost-benefit
issues. To be reliable the study should be conducted as a clinical trial and preferably in a
randomized manner. There is still room for further development of surveillance modalities,
for example MRI-colonography holds intriguing possibilities if it proves to be efficient in
polyp detection.  With EC surveillance we still lack the final proof of its effect on survival. So,
prospective trials to asses the benefits of both surveillance and prophylactic surgery are
needed. The gastric cancer in HNPCC poses questions because of the recent claims that it
demands organized surveillance. At the moment, there are no studies of gastric surveillance
programs, not even observational. A randomized controlled trial should be undertaken.
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10. CONCLUSIONS
1) The colorectal cancers detected by surveillance were at significantly more favorable
stages than those in the non-surveilled group. This advantage in terms of stage was
reflected in a significantly higher CRC-specific survival in the surveilled group. Overall
survival was also initially better in surveilled patients but the difference was not significant.
Our study shows that colonoscopic surveillance is beneficial in at-risk members of the
HNPCC families.
2)  None of the assumed differences in the prevalence of gastritis, atrophy, or metaplasia in
the gastric biopsies could be detected in mutation carriers and their mutation-negative
siblings. In addition, there were no cases of premalignant dysplasia or early cancer in either
group. One case of advanced duodenal cancer was detected. Thus, no benefit was
achieved with this single gastroscopy surveillance for MLH1-positive HNPCC subjects.
3) The current EC surveillance program using TVUS and intra-uterine biopsy every 2-3
years proved to increase efficacy. Several asymptomatic endometrial cancers with
favorable stages were detected in addition to several premalignant hyperplastic lesions. The
outcome of the asymptomatic cancer cases tended to be more favorable and none of them
have died of EC compared to six in the control group, although the difference was not
significant. EC surveillance seems justified among the mutation positive patients.
4)  CT-colonography was less sensitive than colonoscopy in detecting polyps of all sizes
and the rate of false positive findings was too high for routine surveillance in a HNPCC
setting. We did not find any extra-colonic malignancies in this series. Colonoscopy was
confirmed to be best surveillance modality for the time being and CTC should be only used
as an alternative choice.
66
11. ACKNOWLEDGEMENTS
This work was carried out in the Department of Surgery of Helsinki University Central
Hospital in 1997-2007.
I wish to thank Professor Eero Kivilaakso for his interest and support during this study and
for providing excellent working facilities.
I am truly grateful to my supervisor Heikki Järvinen, who provided me with an exemplary
model of hard work, critical thinking, and enthusiasm for research and surgery. I have
learned a lot from him.
I am also indebted to Jukka-Pekka Mecklin for encouragement, guidance, and continuous
support during these years.
My sincerest thanks go to both Professor Hans Vasen and Professor Seppo Pyrhönen, the
official reviewers of my thesis, for their constructive comments.
I also warmly thank Seppo Sarna for excellent statistical advice and Lauri Aaltonen for
valuable help with genetics, support, and always providing invigorating sarcastic humour. I
owe special thanks to Arto and Leena Kivisaari for excellent collaboration and support. I
also want to express my appreciation to all my other co-authors: Markku Aarnio, Pentti
Sipponen, Risto Julkunen, Ralf Bützow, Pentti Lehtovirta and Arto Leminen for their
expertise, enthusiasm, and interest in my work.
Special thanks are owed to Tuula Lehtinen and Kirsi Pylvänäinen for assistance with
numerous practical matters and to Shannon Kuismanen for editing the language of this
thesis. Arja Vermasvuori is thanked for helping out with numerous details in arranging
dissertation.
I am grateful to all of my friends and colleagues at the surgical unit, especially Marianne
Udd for numerous discussions over the coffee cup, continuous peer support, and friendship,
Pauli Puolakkainen, my roommate, for valuable scientific advice and help with English
language and Anna Lepistö for keeping my spirits up. I would also like to thank my others
friends for their encouragement and friendship.
My warmest thanks go to my parents Marja and Olli-Veikko Renkonen and my sisters Satu,
Tarja, and Irma for believing in me and for helping out with the children when the hours
seemed to be inadequate. I also want to thank my kids Aurora, Henkka, and Kaarina for just
being there and for keeping things in perspective. Finally, my dearest thanks go to my
husband Juha, for helping me with computer problems regardless of the time of the day (or
night) and especially, for giving me the power to continue during some sandy periods on my
way to this point.
67
This work has been supported by the Biomedicum Helsinki Foundation, Finnish Foundation
for Gastrointestinal Research, Helsinki University Hospital Research Funds, Suomalais-





Aaltonen LA, Peltomäki P, Leach FS, Sistonen P, Pylkkänen L, Mecklin JP, Järvinen H, Powell SM,
Jen J, Hamilton SR. Clues to the pathogenesis of familial colorectal cancer. Science 1993;
5109:812-816.
Aaltonen LA, Salovaara R, Kristo P, Canzian F, Hemminki A, Peltomäki P, Chadwick RB, Kääriäinen
H, Eskelinen M, Järvinen H, and others. Incidence of hereditary nonpolyposis colorectal cancer
and the feasibility of molecular screening for the disease. N.Engl.J.Med. 1998; 21:1481-1487.
Aarnio M, Mecklin JP, Aaltonen LA, Nyström-Lahti M, Järvinen HJ. Life-time risk of different cancers
in hereditary non-polyposis colorectal cancer (HNPCC) syndrome. Int.J.Cancer 1995; 6:430-
433.
Aarnio M, Salovaara R, Aaltonen LA, Mecklin JP, Järvinen HJ. Features of gastric cancer in
hereditary non-polyposis colorectal cancer syndrome. Int.J.Cancer 1997; 5:551-555.
Aarnio M, Mustonen H, Mecklin JP, Järvinen HJ. Prognosis of colorectal cancer varies in different
high-risk conditions. Ann.Med. 1998; 1:75-80.
Aarnio M, Sankila R, Pukkala E, Salovaara R, Aaltonen LA, de la Chapelle A, Peltomäki P, Mecklin
JP, Järvinen HJ. Cancer risk in mutation carriers of DNA-mismatch-repair genes. Int.J.Cancer
1999; 2:214-218.
Adachi M, Okinaga K, Muto T. Flat adenoma of the large bowel: Re-evaluation with special reference
to central depression. Dis.Colon Rectum 2000; 6:782-787.
Akhter M, Nishino Y, Nakaya N, Kurashima K, Sato Y, Kuriyama S, Tsubono Y, Tsuji I. Cigarette
smoking and the risk of colorectal cancer among men: A prospective study in japan.
Eur.J.Cancer Prev. 2007; 2:102-107.
Aktan-Collan K, Mecklin JP, Järvinen H, Nyström-Lahti M, Peltomäki P, Söderling I, Uutela A, de la
Chapelle A, Kääriäinen H. Predictive genetic testing for hereditary non-polyposis colorectal
cancer: Uptake and long-term satisfaction. Int.J.Cancer 2000; 1:44-50.
Amant F, Moerman P, Neven P, Timmerman D, Van Limbergen E, Vergote I. Endometrial cancer.
Lancet 2005; 9484:491-505.
Arrigoni A, Sprujevnik T, Alvisi V, Rossi A, Ricci G, Pennazio M, Spandre M, Cavallero M, Bertone A,
Foco A, and others. Clinical identification and long-term surveillance of 22 hereditary non-
polyposis colon cancer italian families. Eur.J.Gastroenterol.Hepatol. 2005; 2:213-219.
Atkin WS, Morson BC, Cuzick J. Long-term risk of colorectal cancer after excision of rectosigmoid
adenomas.see comment. N.Engl.J.Med. 1992; 10:658-662.
Baron JA, Cole BF, Sandler RS, Haile RW, Ahnen D, Bresalier R, McKeown-Eyssen G, Summers
RW, Rothstein R, Burke CA, and others. A randomized trial of aspirin to prevent colorectal
adenomas. N.Engl.J.Med. 2003; 10:891-899.
69
Bertario L, Russo A, Sala P, Eboli M, Radice P, Presciuttini S, Andreola S, Rodriguez-Bigas MA,
Pizzetti P, Spinelli P. Survival of patients with hereditary colorectal cancer: Comparison of
HNPCC and colorectal cancer in FAP patients with sporadic colorectal cancer. Int.J.Cancer
1999; 2:183-187.
Bingham SA, Day NE, Luben R, Ferrari P, Slimani N, Norat T, Clavel-Chapelon F, Kesse E, Nieters
A, Boeing H, and others. Dietary fibre in food and protection against colorectal cancer in the
european prospective investigation into cancer and nutrition (EPIC): An observational study.
Lancet 2003; 9368:1496-1501.
Blakeborough A, Sheridan MB, Chapman AH. Complications of barium enema examinations: A
survey of UK consultant radiologists 1992 to 1994. Clin.Radiol. 1997; 2:142-148.
Boks DE, Trujillo AP, Voogd AC, Morreau H, Kenter GG, Vasen HF. Survival analysis of endometrial
carcinoma associated with hereditary nonpolyposis colorectal cancer. Int.J.Cancer 2002; 2:198-
200.
Boland CR, Thibodeau SN, Hamilton SR, Sidransky D, Eshleman JR, Burt RW, Meltzer SJ,
Rodriguez-Bigas MA, Fodde R, Ranzani GN, and others. A national cancer institute workshop
on microsatellite instability for cancer detection and familial predisposition: Development of
international criteria for the determination of microsatellite instability in colorectal cancer. Cancer
Res. 1998; 22:5248-5257.
Bond JH. Clinical relevance of the small colorectal polyp. Endoscopy 2001; 5:454-457.
Bosse K, Rhiem K, Wappenschmidt B, Hellmich M, Madeja M, Ortmann M, Mallmann P, Schmutzler
R. Screening for ovarian cancer by transvaginal ultrasound and serum CA125 measurement in
women with a familial predisposition: A prospective cohort study. Gynecol.Oncol. 2006; 3:1077-
1082.
Bressler B, Paszat LF, Vinden C, Li C, He J, Rabeneck L. Colonoscopic miss rates for right-sided
colon cancer: A population-based analysis. Gastroenterology 2004; 2:452-456.
Broaddus RR, Lynch HT, Chen LM, Daniels MS, Conrad P, Munsell MF, White KG, Luthra R, Lu KH.
Pathologic features of endometrial carcinoma associated with HNPCC. Cancer 2006; 1:87-94.
Bronner CE, Baker SM, Morrison PT, Warren G, Smith LG, Lescoe MK, Kane M, Earabino C, Lipford
J, Lindblom A. Mutation in the DNA mismatch repair gene homologue hMLH1 is associated with
hereditary non-polyposis colon cancer. Nature 1994; 6468:258-261.
Brown ML, Klabunde CN, Mysliwiec P. Current capacity for endoscopic colorectal cancer screening
in the united states: Data from the national cancer institute survey of colorectal cancer screening
practices. Am.J.Med. 2003; 2:129-133.
Burke W, Petersen G, Lynch P, Botkin J, Daly M, Garber J, Kahn MJ, McTiernan A, Offit K, Thomson
E, and others. Recommendations for follow-up care of individuals with an inherited
predisposition to cancer. I. hereditary nonpolyposis colon cancer. cancer genetics studies
consortium. JAMA 1997; 11:915-919.
Buttin BM, Powell MA, Mutch DG, Rader JS, Herzog TJ, Gibb RK, Huettner P, Edmonston TB,
Goodfellow PJ. Increased risk for hereditary nonpolyposis colorectal cancer-associated
synchronous and metachronous malignancies in patients with microsatellite instability-positive
endometrial carcinoma lacking MLH1 promoter methylation. Clin.Cancer Res. 2004; 2:481-490.
70
Cao Q, Ran ZH, Xiao SD. Screening of atrophic gastritis and gastric cancer by serum pepsinogen,
gastrin-17 and Helicobacter pylori immunoglobulin G antibodies. J.Dig.Dis. 2007; 1:15-22.
Carpelan-Holmström M, Nordling S, Pukkala E, Sankila R, Luttges J, Kloppel G, Haglund C. Does
anyone survive pancreatic ductal adenocarcinoma? A nationwide study re-evaluating the data of
the finnish cancer registry. Gut 2005; 3:385-387.
Choi SW, Lee KJ, Bae YA, Min KO, Kwon MS, Kim KM, Rhyu MG. Genetic classification of colorectal
cancer based on chromosomal loss and microsatellite instability predicts survival. Clin.Cancer
Res. 2002; 7:2311-2322.
Choyke PL, Glenn GM, Walther MM, Zbar B, Linehan WM. Hereditary renal cancers. Radiology
2003; 1:33-46.
Church JM. Clinical significance of small colorectal polyps. Dis.Colon Rectum 2004; 4:481-485.
Citarda F, Tomaselli G, Capocaccia R, Barcherini S, Crespi M, Italian Multicentre Study G. Efficacy in
standard clinical practice of colonoscopic polypectomy in reducing colorectal cancer incidence.
Gut 2001; 6:812-815.
Colquhoun P, Chen HC, Kim JI, Efron J, Weiss EG, Nogueras JJ, Vernava AM, Wexner SD. High
compliance rates observed for follow up colonoscopy post polypectomy are achievable outside
of clinical trials: Efficacy of polypectomy is not reduced by low compliance for follow up.
Colorectal Dis. 2004; 3:158-161.
Correa P. Human gastric carcinogenesis: A multistep and multifactorial process--first american
cancer society award lecture on cancer epidemiology and prevention. Cancer Res. 1992;
24:6735-6740.
Cotton PB, Durkalski VL, Pineau BC, Palesch YY, Mauldin PD, Hoffman B, Vining DJ, Small WC,
Affronti J, Rex D, and others. Computed tomographic colonography (virtual colonoscopy): A
multicenter comparison with standard colonoscopy for detection of colorectal neoplasia. JAMA
2004; 14:1713-1719.
Cranley JP, Petras RE, Carey WD, Paradis K, Sivak MV. When is endoscopic polypectomy adequate
therapy for colonic polyps containing invasive carcinoma? Gastroenterology 1986; 2:419-427.
Dachman AH and Yoshida H. Virtual colonoscopy: Past, present, and future. Radiol.Clin.North Am.
2003; 2:377-393.
De Jong AE, Morreau H, Van Puijenbroek M, Eilers PH, Wijnen J, Nagengast FM, Griffioen G, Cats
A, Menko FH, Kleibeuker JH, and others. The role of mismatch repair gene defects in the
development of adenomas in patients with HNPCC. Gastroenterology 2004; 1:42-48.
De Jong AE, Nagengast FM, Kleibeuker JH, van de Meeberg PC, van Wijk HJ, Cats A, Griffioen G,
Vasen HF. What is the appropriate screening protocol in Lynch syndrome? Fam.Cancer. 2006a;
4:373-378.
De Jong AE, Hendriks YM, Kleibeuker JH, de Boer SY, Cats A, Griffioen G, Nagengast FM, Nelis
FG, Rookus MA, Vasen HF. Decrease in mortality in Lynch syndrome families because of
surveillance. Gastroenterology 2006b; 3:665-671.
71
De Leeuw WJ, Dierssen J, Vasen HF, Wijnen JT, Kenter GG, Meijers-Heijboer H, Brocker-Vriends A,
Stormorken A, Moller P, Menko F, and others. Prediction of a mismatch repair gene defect by
microsatellite instability and immunohistochemical analysis in endometrial tumours from HNPCC
patients. J.Pathol. 2000; 3:328-335.
De Vos tot Nederveen Cappel,W.H., Nagengast FM, Griffioen G, Menko FH, Taal BG, Kleibeuker JH,
Vasen HF. Surveillance for hereditary nonpolyposis colorectal cancer: A long-term study on 114
families. Dis.Colon Rectum 2002; 12:1588-1594.
Dijkhuizen FP, Mol BW, Brolmann HA, Heintz AP. The accuracy of endometrial sampling in the
diagnosis of patients with endometrial carcinoma and hyperplasia: A meta-analysis. Cancer
2000; 8:1765-1772.
Dijkhuizen FP, Mol BW, Brolmann HA, Heintz AP. Cost-effectiveness of the use of transvaginal
sonography in the evaluation of postmenopausal bleeding. Maturitas 2003; 4:275-282.
Dixon MF, Genta RM, Yardley JH, Correa P. Classification and grading of gastritis. The updated
sydney system. International workshop on the histopathology of gastritis, Houston 1994.
Am.J.Surg.Pathol. 1996; 10:1161-1181.
Dove-Edwin I, Boks D, Goff S, Kenter GG, Carpenter R, Vasen HF, Thomas HJ. The outcome of
endometrial carcinoma surveillance by ultrasound scan in women at risk of hereditary
nonpolyposis colorectal carcinoma and familial colorectal carcinoma. Cancer 2002; 6:1708-
1712.
Dunlop MG, Farrington SM, Carothers AD, Wyllie AH, Sharp L, Burn J, Liu B, Kinzler KW, Vogelstein
B. Cancer risk associated with germline DNA mismatch repair gene mutations. Hum.Mol.Genet.
1997; 1:105-110.
Fearon ER and Vogelstein B. A genetic model for colorectal tumorigenesis. Cell 1990; 5:759-767.
Finnish Cancer Registry, editor. Cancer in Finland 2002 and 2003. Cancer statistics of the national
research and development centre for welfare and health.. Cancer Society of Finland 2005.
Fishel R, Lescoe MK, Rao MR, Copeland NG, Jenkins NA, Garber J, Kane M, Kolodner R. The
human mutator gene homolog MSH2 and its association with hereditary nonpolyposis colon
cancer. Cell 1993; 5:1027-1038.
Fitzgibbons, RJ, Lynch HT, Stanislav GV, Watson PA, Lanspa SJ, Marcus JN, Smyrk T, Kriegler M,
Lynch J Recognition and treatment of patients with hereditary nonpolyposis colon cancer (Lynch
syndromes I and II). Ann.Surg. 1987; 3:289-295.
Giardiello FM, Hamilton SR, Krush AJ, Piantadosi S, Hylind LM, Celano P, Booker SV, Robinson CR,
Offerhaus GJ. Treatment of colonic and rectal adenomas with sulindac in familial adenomatous
polyposis. N.Engl.J.Med. 1993; 18:1313-1316.
Giovannucci E. An updated review of the epidemiological evidence that cigarette smoking increases
risk of colorectal cancer. Cancer Epidemiol.Biomarkers Prev. 2001; 7:725-731.
Gluecker TM, Johnson CD, Harmsen WS, Offord KP, Harris AM, Wilson LA, Ahlquist DA. Colorectal
cancer screening with CT colonography, colonoscopy, and double-contrast barium enema
examination: Prospective assessment of patient perceptions and preferences. Radiology 2003;
2:378-384.
72
Goecke T, Schulmann K, Engel C, Holinski-Feder E, Pagenstecher C, Schackert HK, Kloor M,
Kunstmann E, Vogelsang H, Keller G, and others. Genotype-phenotype comparison of german
MLH1 and MSH2 mutation carriers clinically affected with Lynch syndrome: A report by the
german HNPCC consortium. J.Clin.Oncol. 2006; 26:4285-4292.
Gorski TF, Rosen L, Riether R, Stasik J, Khubchandani I. Colorectal cancer after surveillance
colonoscopy: False-negative examination or fast growth? Dis.Colon Rectum 1999; 7:877-880.
Graham DM and Appelman HD. Crohn's-like lymphoid reaction and colorectal carcinoma: A potential
histologic prognosticator. Mod.Pathol. 1990; 3:332-335.
Grau MV, Baron JA, Sandler RS, Haile RW, Beach ML, Church TR, Heber D. Vitamin D, calcium
supplementation, and colorectal adenomas: Results of a randomized trial. J.Natl.Cancer Inst.
2003; 23:1765-1771.
Grau MV, Rees JR, Baron JA. Chemoprevention in gastrointestinal cancers: Current status. Basic
Clin.Pharmacol.Toxicol. 2006; 3:281-287.
Guillem JG, Wood WC, Moley JF, Berchuck A, Karlan BY, Mutch DG, Gagel RF, Weitzel J, Morrow
M, Weber BL, and others. ASCO/SSO review of current role of risk-reducing surgery in common
hereditary cancer syndromes. Ann.Surg.Oncol. 2006; 10:1296-1321.
Halligan S, Altman DG, Taylor SA, Mallett S, Deeks JJ, Bartram CI, Atkin W. CT colonography in the
detection of colorectal polyps and cancer: Systematic review, meta-analysis, and proposed
minimum data set for study level reporting. Radiology 2005; 3:893-904.
Hamilton SR, Liu B, Parsons RE, Papadopoulos N, Jen J, Powell SM, Krush AJ, Berk T, Cohen Z,
Tetu B. The molecular basis of Turcot's syndrome. N.Engl.J.Med. 1995; 13:839-847.
Hampel H, Frankel W, Panescu J, Lockman J, Sotamaa K, Fix D, Comeras I, La Jeunesse J,
Nakagawa H, Westman JA, and others. Screening for Lynch syndrome (hereditary nonpolyposis
colorectal cancer) among endometrial cancer patients. Cancer Res. 2006; 15:7810-7817.
Hendriks YM, Wagner A, Morreau H, Menko F, Stormorken A, Quehenberger F, Sandkuijl L, Moller
P, Genuardi M, Van Houwelingen H, and others. Cancer risk in hereditary nonpolyposis
colorectal cancer due to MSH6 mutations: Impact on counseling and surveillance.
Gastroenterology 2004; 1:17-25.
Hendriks YM, Jagmohan-Changur S, van der Klift HM, Morreau H, van Puijenbroek M, Tops C, van
Os T, Wagner A, Ausems MG, Gomez E, and others. Heterozygous mutations in PMS2 cause
hereditary nonpolyposis colorectal carcinoma (Lynch syndrome). Gastroenterology 2006; 2:312-
322.
Hixson LJ, Fennerty MB, Sampliner RE, McGee D, Garewal H. Prospective study of the frequency
and size distribution of polyps missed by colonoscopy. J.Natl.Cancer Inst. 1990; 22:1769-1772.
Holland WW, Detels R, Konx G, editors. Oxford textbook of public health; applications in public
health. 1991. 91-106 p.
Huang EH, Whelan RL, Gleason NR, Maeda JS, Terry MB, Lee SW, Neugut AI, Forde KA. Increased
incidence of colorectal adenomas in follow-up evaluation of patients with newly diagnosed
hyperplastic polyps. Surg.Endosc. 2001; 7:646-648.
73
Iannaccone R, Laghi A, Catalano C, Mangiapane F, Lamazza A, Schillaci A, Sinibaldi G, Murakami
T, Sammartino P, Hori M, and others. Computed tomographic colonography without cathartic
preparation for the detection of colorectal polyps. Gastroenterology 2004; 5:1300-1311.
Ionov Y, Peinado MA, Malkhosyan S, Shibata D, Perucho M. Ubiquitous somatic mutations in simple
repeated sequences reveal a new mechanism for colonic carcinogenesis. Nature 1993;
6429:558-561.
Jamis-Dow CA, Choyke PL, Jennings SB, Linehan WM, Thakore KN, Walther MM. Small (< or = 3-
cm) renal masses: Detection with CT versus US and pathologic correlation. Radiology 1996;
3:785-788.
Jass JR and Stewart SM. Evolution of hereditary non-polyposis colorectal cancer. Gut 1992; 6:783-
786.
Jass JR, Stewart SM, Stewart J, Lane MR. Hereditary non-polyposis colorectal cancer--
morphologies, genes and mutations. Mutat.Res. 1994a; 1:125-133.
Jass JR, Smyrk TC, Stewart SM, Lane MR, Lanspa SJ, Lynch HT. Pathology of hereditary non-
polyposis colorectal cancer. Anticancer Res. 1994b; 4B:1631-1634.
Jass JR. Colorectal adenoma progression and genetic change: Is there a link? Ann.Med. 1995;
3:301-306.
Jass JR, Do KA, Simms LA, Iino H, Wynter C, Pillay SP, Searle J, Radford-Smith G, Young J,
Leggett B. Morphology of sporadic colorectal cancer with DNA replication errors. Gut 1998;
5:673-679.
Jass JR, Whitehall VL, Young J, Leggett BA. Emerging concepts in colorectal neoplasia.
Gastroenterology 2002; 3:862-876.
Johannsen LG, Momsen O, Jacobsen NO. Polyps of the large intestine in Aarhus, Denmark. An
autopsy study. Scand.J.Gastroenterol. 1989; 7:799-806.
Johnson CD, Harmsen WS, Wilson LA, Maccarty RL, Welch TJ, Ilstrup DM, Ahlquist DA. Prospective
blinded evaluation of computed tomographic colonography for screen detection of colorectal
polyps. Gastroenterology 2003; 2:311-319.
Johnson PM, Gallinger S, McLeod RS. Surveillance colonoscopy in individuals at risk for hereditary
nonpolyposis colorectal cancer: An evidence-based review. Dis.Colon Rectum 2006; 1:80-93.
Järvinen HJ, Mecklin JP, Sistonen P. Screening reduces colorectal cancer rate in families with
hereditary nonpolyposis colorectal cancer. Gastroenterology 1995; 5:1405-1411.
Järvinen HJ and Aarnio M. Surveillance on mutation carriers of DNA mismatch repair genes.
Ann.Chir.Gynaecol. 2000; 3:207-210.
74
Järvinen HJ, Aarnio M, Mustonen H, Aktan-Collan K, Aaltonen LA, Peltomäki P, De La Chapelle A,
Mecklin JP. Controlled 15-year trial on screening for colorectal cancer in families with hereditary
nonpolyposis colorectal cancer. Gastroenterology 2000; 5:829-834.
Kalra MK, Maher MM, Toth TL, Hamberg LM, Blake MA, Shepard JA, Saini S. Strategies for CT
radiation dose optimization. Radiology 2004; 3:619-628.
Kauff ND, Hurley KE, Hensley ML, Robson ME, Lev G, Goldfrank D, Castiel M, Brown CL, Ostroff
JS, Hann LE, and others. Ovarian carcinoma screening in women at intermediate risk: Impact
on quality of life and need for invasive follow-up. Cancer 2005; 2:314-320.
Keir JA and Womack C. Sensitivity and specificity of urine cytology in the screening of transitional
cell carcinomas. Cytopathology 2002; 6:381-382.
Kim EC and Lance P. Colorectal polyps and their relationship to cancer. Gastroenterol.Clin.North
Am. 1997; 1:1-17.
Kinzler KW and Vogelstein B. Lessons from hereditary colorectal cancer. Cell 1996; 2:159-170.
Kurman RJ, Kaminski PF, Norris HJ. The behavior of endometrial hyperplasia. A long-term study of
"untreated" hyperplasia in 170 patients. Cancer 1985; 2:403-412.
Laiho P, Kokko A, Vanharanta S, Salovaara R, Sammalkorpi H, Järvinen H, Mecklin JP, Karttunen
TJ, Tuppurainen K, Davalos V, and others. Serrated carcinomas form a subclass of colorectal
cancer with distinct molecular basis. Oncogene 2007; 2:312-320.
Lanspa SJ, Lynch HT, Smyrk TC, Strayhorn P, Watson P, Lynch JF, Jenkins JX, Appelman HD.
Colorectal adenomas in the Lynch syndromes. Results of a colonoscopy screening program.
Gastroenterology 1990; 1:1117-1122.
Larsson SC and Wolk A. Meat consumption and risk of colorectal cancer: A meta-analysis of
prospective studies. Int.J.Cancer 2006; 11:2657-2664.
Latchford A, Greenhalf W, Vitone LJ, Neoptolemos JP, Lancaster GA, Phillips RK. Peutz-Jeghers
syndrome and screening for pancreatic cancer. Br.J.Surg. 2006; 12:1446-1455.
Lauren PA and Nevalainen TJ. Epidemiology of intestinal and diffuse types of gastric carcinoma. A
time-trend study in Finland with comparison between studies from high- and low-risk areas.
Cancer 1993; 10:2926-2933.
Leach FS, Nicolaides NC, Papadopoulos N, Liu B, Jen J, Parsons R, Peltomäki P, Sistonen P,
Aaltonen LA, Nyström-Lahti M. Mutations of a mutS homolog in hereditary nonpolyposis
colorectal cancer. Cell 1993; 6:1215-1225.
Lefere P, Gryspeerdt S, Marrannes J, Baekelandt M, Van Holsbeeck B. CT colonography after fecal
tagging with a reduced cathartic cleansing and a reduced volume of barium. Am.J.Roentgenol.
2005; 6:1836-1842.
Lepage C, Bouvier AM, Manfredi S, Dancourt V, Faivre J. Incidence and management of primary
malignant small bowel cancers: A well-defined french population study. Am.J.Gastroenterol.
2006; 12:2826-2832.
75
Lerman C, Hughes C, Trock BJ, Myers RE, Main D, Bonney A, Abbaszadegan MR, Harty AE,
Franklin BA, Lynch JF, and others. Genetic testing in families with hereditary nonpolyposis colon
cancer. JAMA 1999; 17:1618-1622.
Leslie A, Carey FA, Pratt NR, Steele RJ. The colorectal adenoma-carcinoma sequence. Br.J.Surg.
2002; 7:845-860.
Liljegren A, Lindblom A, Rotstein S, Nilsson B, Rubio C, Jaramillo E. Prevalence and incidence of
hyperplastic polyps and adenomas in familial colorectal cancer: Correlation between the two
types of colon polyps. Gut 2003; 8:1140-1147.
Lin J, Zhang SM, Cook NR, Lee IM, Buring JE. Dietary fat and fatty acids and risk of colorectal
cancer in women. Am.J.Epidemiol. 2004; 10:1011-1022.
Lindblom A, Tannergard P, Werelius B, Nordenskjold M. Genetic mapping of a second locus
predisposing to hereditary non-polyposis colon cancer. Nat.Genet. 1993; 3:279-282.
Lindgren G, Liljegren A, Jaramillo E, Rubio C, Lindblom A. Adenoma prevalence and cancer risk in
familial non-polyposis colorectal cancer. Gut 2002; 2:228-234.
Lindor NM, Rabe K, Petersen GM, Haile R, Casey G, Baron J, Gallinger S, Bapat B, Aronson M,
Hopper J, and others. Lower cancer incidence in Amsterdam-I criteria families without mismatch
repair deficiency: Familial colorectal cancer type X. JAMA 2005; 16:1979-1985.
Lindor NM, Petersen GM, Hadley DW, Kinney AY, Miesfeldt S, Lu KH, Lynch P, Burke W, Press N.
Recommendations for the care of individuals with an inherited predisposition to Lynch
syndrome: A systematic review. JAMA 2006; 12:1507-1517.
Liu HX, Zhou XL, Liu T, Werelius B, Lindmark G, Dahl N, Lindblom A. The role of hMLH3 in familial
colorectal cancer. Cancer Res. 2003; 8:1894-1899.
Lokeshwar VB and Selzer MG. Urinary bladder tumor markers. Urol.Oncol. 2006; 6:528-537.
Love RR and Morrissey JF. Colonoscopy in asymptomatic individuals with a family history of
colorectal cancer. Arch.Intern.Med. 1984; 11:2209-2211.
Lucci-Cordisco E, Zito I, Gensini F, Genuardi M. Hereditary nonpolyposis colorectal cancer and
related conditions. Am.J.Med.Genet.A. 2003; 4:325-334.
Lund JN, Scholefield JH, Grainge MJ, Smith SJ, Mangham C, Armitage NC, Robinson MH, Logan
RF. Risks, costs, and compliance limit colorectal adenoma surveillance: Lessons from a
randomised trial. Gut 2001; 1:91-96.
Lynch HT, Shaw MW, Magnuson CW, Larsen AL, Krush AJ. Hereditary factors in cancer. Study of
two large midwestern kindreds. Arch.Intern.Med. 1966; 2:206-212.
Lynch HT and Krush AJ. Cancer family "G" revisited: 1895-1970. Cancer 1971; 6:1505-1511.
Lynch HT, Bardawil WA, Harris RE, Lynch PM, Guirgis HA, Lynch JF. Multiple primary cancers and
prolonged survival: Familial colonic and endometrial cancers. Dis.Colon Rectum 1978; 3:165-
168.
76
Lynch HT, Watson P, Lanspa SJ, Marcus J, Smyrk T, Fitzgibbons RJ,Jr, Kriegler M, Lynch JF.
Natural history of colorectal cancer in hereditary nonpolyposis colorectal cancer (Lynch
syndromes I and II). Dis.Colon Rectum 1988; 6:439-444.
Lynch HT, Smyrk T, Jass JR. Hereditary nonpolyposis colorectal cancer and colonic adenomas:
Aggressive adenomas? Semin.Surg.Oncol. 1995; 6:406-410.
Lynch HT and de la Chapelle A. Hereditary colorectal cancer. N.Engl.J.Med. 2003; 10:919-932.
Lynch HT, Boland CR, Gong G, Shaw TG, Lynch PM, Fodde R, Lynch JF, de la Chapelle A.
Phenotypic and genotypic heterogeneity in the Lynch syndrome: Diagnostic, surveillance and
management implications. Eur.J.Hum.Genet. 2006; 4:390-402.
Macari M, Lui Y, Israel GM, Babb JS, Bini E. Thin versus thick section CT colonography for colorectal
for colorectal polyp detection (abstr). Radiology 2002; 585.
Macari M, Bini EJ, Xue X, Milano A, Katz SS, Resnick D, Chandarana H, Krinsky G, Klingenbeck K,
Marshall CH, and others. Colorectal neoplasms: Prospective comparison of thin-section low-
dose multi-detector row CT colonography and conventional colonoscopy for detection.
Radiology 2002; 2:383-392.
Macari M, Bini EJ, Jacobs SL, Lui YW, Laks S, Milano A, Babb J. Significance of missed polyps at
CT colonography. AJR Am.J.Roentgenol. 2004; 1:127-134.
Macari M and Bini EJ. CT colonography: Where have we been and where are we going? Radiology
2005; 3:819-833.
Martin SP and Ulrich CD,2nd. Pancreatic cancer surveillance in a high-risk cohort. is it worth the
cost? Med.Clin.North Am. 2000; 3:739-747.
Mecklin JP and Järvinen HJ. Clinical features of colorectal carcinoma in cancer family syndrome.
Dis.Colon Rectum 1986; 3:160-164.
Mecklin JP, Sipponen P, Järvinen HJ. Histopathology of colorectal carcinomas and adenomas in
cancer family syndrome. Dis.Colon Rectum 1986; 12:849-853.
Mecklin JP and Järvinen HJ. Tumor spectrum in cancer family syndrome (hereditary nonpolyposis
colorectal cancer). Cancer 1991; 5:1109-1112.
Mecklin JP, Järvinen HJ, Hakkiluoto A, Hallikas H, Hiltunen KM, Härkonen N, Kellokumpu I, Laitinen
S, Ovaska J, Tulikoura J. Frequency of hereditary nonpolyposis colorectal cancer. A prospective
multicenter study in Finland. Dis.Colon Rectum 1995; 6:588-593.
Mecklin JP and Järvinen HJ. Surveillance in Lynch syndrome. Fam.Cancer. 2005; 3:267-271.
Michels KB, Fuchs CS, Giovannucci E, Colditz GA, Hunter DJ, Stampfer MJ, Willett WC. Fiber intake
and incidence of colorectal cancer among 76,947 women and 47,279 men. Cancer
Epidemiol.Biomarkers Prev. 2005; 4:842-849.
77
Miyaki M, Konishi M, Tanaka K, Kikuchi-Yanoshita R, Muraoka M, Yasuno M, Igari T, Koike M, Chiba
M, Mori T. Germline mutation of MSH6 as the cause of hereditary nonpolyposis colorectal
cancer. Nat.Genet. 1997; 3:271-272.
Montgomery BE, Daum GS, Dunton CJ. Endometrial hyperplasia: A review. Obstet.Gynecol.Surv.
2004; 5:368-378.
Muto T, Bussey HJ, Morson BC. The evolution of cancer of the colon and rectum. Cancer 1975;
6:2251-2270.
Muto T, Kamiya J, Sawada T, Konishi F, Sugihara K, Kubota Y, Adachi M, Agawa S, Saito Y,
Morioka Y. Small "flat adenoma" of the large bowel with special reference to its clinicopathologic
features. Dis.Colon Rectum 1985; 11:847-851.
Myrhoj T, Andersen M, Bernstein I. Screening for urinary tract cancer with urine cytology in HNPCC-
families; Abstract in the 2nd conference of InSiGHT in Yokohama, Japan 2007
Mäkinen J, Johansson J, Tomas C, Tomas E, Heinonen PK, Laatikainen T, Kauko M, Heikkinen AM,
Sjöberg J. Morbidity of 10 110 hysterectomies by type of approach. Hum.Reprod. 2001; 7:1473-
1478.
Mäkinen MJ, George SM, Jernvall P, Mäkelä J, Vihko P, Karttunen TJ. Colorectal carcinoma
associated with serrated adenoma--prevalence, histological features, and prognosis. J.Pathol.
2001; 3:286-294.
Nelson DB, McQuaid KR, Bond JH, Lieberman DA, Weiss DG, Johnston TK. Procedural success
and complications of large-scale screening colonoscopy. Gastrointest.Endosc. 2002; 3:307-314.
Nicolaides NC, Papadopoulos N, Liu B, Wei YF, Carter KC, Ruben SM, Rosen CA, Haseltine WA,
Fleischmann RD, Fraser CM. Mutations of two PMS homologues in hereditary nonpolyposis
colon cancer. Nature 1994; 6492:75-80.
Norfleet RG, Ryan ME, Wyman JB, Rhodes RA, Nunez JF, Kirchner JP, Parent K. Barium enema
versus colonoscopy for patients with polyps found during flexible sigmoidoscopy.
Gastrointest.Endosc. 1991; 5:531-534.
Nusko G, Mansmann U, Altendorf-Hofmann A, Groitl H, Wittekind C, Hahn EG. Risk of invasive
carcinoma in colorectal adenomas assessed by size and site. Int.J.Colorectal Dis. 1997; 5:267-
271.
O'Brien MJ, Winawer SJ, Zauber AG, Bushey MT, Sternberg SS, Gottlieb LS, Bond JH, Waye JD,
Schapiro M, National Polyp Study. Flat adenomas in the national polyp study: Is there increased
risk for high-grade dysplasia initially or during surveillance? Clin.Gastroenterol.Hepatol. 2004;
10:905-911.
O'Brien MJ, Winawer SJ, Zauber AG, Gottlieb LS, Sternberg SS, Diaz B, Dickersin GR, Ewing S,
Geller S, Kasimian D. The National Polyp Study. Patient and polyp characteristics associated
with high-grade dysplasia in colorectal adenomas. Gastroenterology 1990; 2:371-379.
Offit K and Kauff ND. Reducing the risk of gynecologic cancer in the Lynch syndrome. N.Engl.J.Med.
2006; 3:293-295.
78
Olsen KR, Bojesen SE, Gerdes AM, Lindorff-Larsen K, Bernstein IT. Cost-effectiveness of
surveillance programs for families at high and moderate risk of hereditary non-polyposis
colorectal cancer. Int.J.Technol.Assess.Health Care 2007; 1:89-95.
Otani T, Iwasaki M, Ishihara J, Sasazuki S, Inoue M, Tsugane S, Japan Public Health Center-Based
Prospective Study,Group. Dietary fiber intake and subsequent risk of colorectal cancer: The
Japan public health center-based prospective study. Int.J.Cancer 2006; 6:1475-1480.
Otori K, Oda Y, Sugiyama K, Hasebe T, Mukai K, Fujii T, Tajiri H, Yoshida S, Fukushima S, Esumi H.
High frequency of K-ras mutations in human colorectal hyperplastic polyps. Gut 1997; 5:660-
663.
Papadopoulos N, Nicolaides NC, Wei YF, Ruben SM, Carter KC, Rosen CA, Haseltine WA,
Fleischmann RD, Fraser CM, Adams MD. Mutation of a mutL homolog in hereditary colon
cancer. Science 1994; 5153:1625-1629.
Park SY, Murphy SP, Wilkens LR, Nomura AM, Henderson BE, Kolonel LN. Calcium and vitamin D
intake and risk of colorectal cancer: The multiethnic cohort study. Am.J.Epidemiol. 2007; 7:784-
793.
Park YJ, Shin KH, Park JG. Risk of gastric cancer in hereditary nonpolyposis colorectal cancer in
Korea. Clin.Cancer Res. 2000; 8:2994-2998.
Parsonnet J and Axon AT. Principles of screening and surveillance. Am.J.Gastroenterol. 1996;
5:847-849.
Peltokallio P and Peltokallio V. Relationship of familial factors to carcinoma of the colon. Dis.Colon
Rectum 1966; 5:367-370.
Peltomäki P, Aaltonen LA, Sistonen P, Pylkkänen L, Mecklin JP, Järvinen H, Green JS, Jass JR,
Weber JL, Leach FS. Genetic mapping of a locus predisposing to human colorectal cancer.
Science 1993; 5109:810-812.
Peltomäki P and Vasen H. Mutations associated with HNPCC predisposition -- update of ICG-
HNPCC/INSiGHT mutation database. Dis.Markers 2004; 4-5:269-276.
Peltomäki P. Lynch syndrome genes. Fam.Cancer. 2005; 3:227-232.
Pickhardt PJ, Choi JR, Hwang I, Butler JA, Puckett ML, Hildebrandt HA, Wong RK, Nugent PA,
Mysliwiec PA, Schindler WR. Computed tomographic virtual colonoscopy to screen for
colorectal neoplasia in asymptomatic adults. N.Engl.J.Med. 2003; 23:2191-2200.
Pickhardt PJ. Incidence of colonic perforation at CT colonography: Review of existing data and
implications for screening of asymptomatic adults. Radiology 2006; 2:313-316.
Plaschke J, Engel C, Kruger S, Holinski-Feder E, Pagenstecher C, Mangold E, Moeslein G,
Schulmann K, Gebert J, von Knebel Doeberitz M, and others. Lower incidence of colorectal
cancer and later age of disease onset in 27 families with pathogenic MSH6 germline mutations
compared with families with MLH1 or MSH2 mutations: The German hereditary nonpolyposis
colorectal cancer consortium. J.Clin.Oncol. 2004; 22:4486-4494.
79
Ponz de Leon M, Benatti P, Di Gregorio C, Pedroni M, Losi L, Genuardi M, Viel A, Fornasarig M,
Lucci-Cordisco E, Anti M, and others. Genetic testing among high-risk individuals in families with
hereditary nonpolyposis colorectal cancer. Br.J.Cancer 2004; 4:882-887.
Postic G, Lewin D, Bickerstaff C, Wallace MB. Colonoscopic miss rates determined by direct
comparison of colonoscopy with colon resection specimens. Am.J.Gastroenterol. 2002;
12:3182-3185.
Pylvänäinen K, Kairaluoma M, Mecklin JP. Compliance and satisfaction with long-term surveillance in
finnish HNPCC families. Fam.Cancer. 2006; 2:175-178.
Quehenberger F, Vasen HF, van Houwelingen HC. Risk of colorectal and endometrial cancer for
carriers of mutations of the hMLH1 and hMSH2 gene: Correction for ascertainment.
J.Med.Genet. 2005; 6:491-496.
Rex DK. Barium studies/virtual colonoscopy: The gastroenterologist's perspective.
Gastrointest.Endosc. 2002; 7 Suppl:S33-6.
Rex DK, Lieberman D, Acg. ACG colorectal cancer prevention action plan: Update on CT-
colonography. Am.J.Gastroenterol. 2006; 7:1410-1413.
Rex DK, Rahmani EY, Haseman JH, Lemmel GT, Kaster S, Buckley JS. Relative sensitivity of
colonoscopy and barium enema for detection of colorectal cancer in clinical practice.
Gastroenterology 1997a; 1:17-23.
Rex DK, Cutler CS, Lemmel GT, Rahmani EY, Clark DW, Helper DJ, Lehman GA, Mark DG.
Colonoscopic miss rates of adenomas determined by back-to-back colonoscopies.
Gastroenterology 1997b; 1:24-28.
Rijcken FE, Mourits MJ, Kleibeuker JH, Hollema H, van der Zee AG. Gynecologic screening in
hereditary nonpolyposis colorectal cancer. Gynecol.Oncol. 2003; 1:74-80.
Rockey DC, Paulson E, Niedzwiecki D, Davis W, Bosworth HB, Sanders L, Yee J, Henderson J,
Hatten P, Burdick S, and others. Analysis of air contrast barium enema, computed tomographic
colonography, and colonoscopy: Prospective comparison. Lancet 2005; 9456:305-311.
Rodriguez-Bigas MA, Vasen HF, Mecklin JP, Myrhoj T, Rozen P, Bertario L, Järvinen HJ, Jass JR,
Kunitomo K, Nomizu T, and others. Rectal cancer risk in hereditary nonpolyposis colorectal
cancer after abdominal colectomy. International Collaborative Group on HNPCC. Ann.Surg.
1997a; 2:202-207.
Rodriguez-Bigas MA, Boland CR, Hamilton SR, Henson DE, Jass JR, Khan PM, Lynch H, Perucho
M, Smyrk T, Sobin L, and others. A national cancer institute workshop on hereditary
nonpolyposis colorectal cancer syndrome: Meeting highlights and Bethesda guidelines.
J.Natl.Cancer Inst. 1997b; 23:1758-1762.
Rosenthal AN, Menon U, Jacobs IJ. Screening for ovarian cancer. Clin.Obstet.Gynecol. 2006; 3:433-
447.
Rubio CA, Jaramillo E, Lindblom A, Fogt F. Classification of colorectal polyps: Guidelines for the
endoscopist. Endoscopy 2002; 3:226-236.
80
Samowitz WS, Curtin K, Lin HH, Robertson MA, Schaffer D, Nichols M, Gruenthal K, Leppert MF,
Slattery ML. The colon cancer burden of genetically defined hereditary nonpolyposis colon
cancer. Gastroenterology 2001; 4:830-838.
Sankila R, Aaltonen LA, Järvinen HJ, Mecklin JP. Better survival rates in patients with MLH1-
associated hereditary colorectal cancer. Gastroenterology 1996; 3:682-687.
Schmeler KM, Lynch HT, Chen LM, Munsell MF, Soliman PT, Clark MB, Daniels MS, White KG,
Boyd-Rogers SG, Conrad PG, and others. Prophylactic surgery to reduce the risk of
gynecologic cancers in the Lynch syndrome. N.Engl.J.Med. 2006; 3:261-269.
Schulmann K, Brasch FE, Kunstmann E, Engel C, Pagenstecher C, Vogelsang H, Kruger S, Vogel T,
Knaebel HP, Ruschoff J, and others. HNPCC-associated small bowel cancer: Clinical and
molecular characteristics. Gastroenterology 2005; 3:590-599.
Scully R.E., editor. International histological classification and typing of female genital tract tumours.
Springer 1994.
Singh AD, Shields CL, Shields JA. Von Hippel-Lindau disease. Surv.Ophthalmol. 2001; 2:117-142.
Soreide K, Janssen EA, Soiland H, Korner H, Baak JP. Microsatellite instability in colorectal cancer.
Br.J.Surg. 2006; 4:395-406.
Sosna J, Morrin MM, Kruskal JB, Lavin PT, Rosen MP, Raptopoulos V. CT colonography of
colorectal polyps: A meta-analysis. AJR Am.J.Roentgenol. 2003; 6:1593-1598.
Speake D, Biyani D, Frizelle FA, Watson AJ. Flat adenomas. ANZ J.Surg. 2007; 1-2:4-8.
Strul H, Kariv R, Leshno M, Halak A, Jakubowicz M, Santo M, Umansky M, Shirin H, Degani Y,
Revivo M, and others. The prevalence rate and anatomic location of colorectal adenoma and
cancer detected by colonoscopy in average-risk individuals aged 40-80 years.
Am.J.Gastroenterol. 2006; 2:255-262.
Stryker SJ, Wolff BG, Culp CE, Libbe SD, Ilstrup DM, MacCarty RL. Natural history of untreated
colonic polyps. Gastroenterology 1987; 5:1009-1013.
Syngal S, Weeks JC, Schrag D, Garber JE, Kuntz KM. Benefits of colonoscopic surveillance and
prophylactic colectomy in patients with hereditary nonpolyposis colorectal cancer mutations.
Ann.Intern.Med. 1998; 10:787-796.
Taylor SA, Halligan S, Bartram CI, Atkin I. Multislice CT colonography: Effect of collimation, pitch and
orientation in polyp detection determined using a human colectomy specimen (abstr.).
Radiology 2002; 584.
Terakawa N, Kigawa J, Taketani Y, Yoshikawa H, Yajima A, Noda K, Okada H, Kato J, Yakushiji M,
Tanizawa O, and others. The behavior of endometrial hyperplasia: A prospective study.
endometrial hyperplasia study group. J.Obstet.Gynaecol.Res. 1997; 3:223-230.
Thibodeau SN, Bren G, Schaid D. Microsatellite instability in cancer of the proximal colon. Science
1993; 5109:816-819.
81
Umar A, Boland CR, Terdiman JP, Syngal S, de la Chapelle A, Ruschoff J, Fishel R, Lindor NM,
Burgart LJ, Hamelin R, and others. Revised Bethesda guidelines for hereditary nonpolyposis
colorectal cancer (Lynch syndrome) and microsatellite instability. J.Natl.Cancer Inst. 2004;
4:261-268.
Vainio H, Kaaks R, Bianchini F. Weight control and physical activity in cancer prevention:
International evaluation of the evidence. Eur.J.Cancer Prev. 2002; Suppl 2:S94-100.
Van Dalen R, Church J, McGannon E, Fay S, Burke C, Clark B. Patterns of surgery in patients
belonging to Amsterdam-positive families. Dis.Colon Rectum 2003; 5:617-620.
Van den Bos M, van den Hoven M, Jongejan E, van der Leij F, Michels M, Schakenraad S, Aben K,
Hoogerbrugge N, Ligtenberg M, van Krieken JH. More differences between HNPCC-related and
sporadic carcinomas from the endometrium as compared to the colon. Am.J.Surg.Pathol. 2004;
6:706-711.
Vasen HF, den Hartog Jager FC, Menko FH, Nagengast FM. Screening for hereditary non-polyposis
colorectal cancer: A study of 22 kindreds in the Netherlands. Am.J.Med. 1989; 3:278-281.
Vasen HF, Offerhaus GJ, den Hartog Jager FC, Menko FH, Nagengast FM, Griffioen G, van
Hogezand RB, Heintz AP. The tumour spectrum in hereditary non-polyposis colorectal cancer: A
study of 24 kindreds in the Netherlands. Int.J.Cancer 1990; 1:31-34.
Vasen HF, Mecklin JP, Khan PM, Lynch HT. The International Collaborative Group on Hereditary
Non-Polyposis Colorectal Cancer (ICG-HNPCC). Dis.Colon Rectum 1991; 5:424-425.
Vasen HF, Mecklin JP, Watson P, Utsunomiya J, Bertario L, Lynch P, Svendsen LB, Cristofaro G,
Muller H, Khan PM. Surveillance in hereditary nonpolyposis colorectal cancer: An international
cooperative study of 165 families. The International Collaborative Group on HNPCC. Dis.Colon
Rectum 1993; 1:1-4.
Vasen HF, Watson P, Mecklin JP, Jass JR, Green JS, Nomizu T, Muller H, Lynch HT. The
epidemiology of endometrial cancer in hereditary nonpolyposis colorectal cancer. Anticancer
Res. 1994; 4B:1675-1678.
Vasen HF, Nagengast FM, Khan PM. Interval cancers in hereditary non-polyposis colorectal cancer
(Lynch syndrome). Lancet 1995; 8958:1183-1184.
Vasen HF, Taal BG, Nagengast FM, Griffioen G, Menko FH, Kleibeuker JH, Offerhaus GJ, Meera
Khan P. Hereditary nonpolyposis colorectal cancer: Results of long-term surveillance in 50
families. Eur.J.Cancer 1995; 7-8:1145-1148.
Vasen HF, Sanders EA, Taal BG, Nagengast FM, Griffioen G, Menko FH, Kleibeuker JH, Houwing-
Duistermaat JJ, Meera Khan P. The risk of brain tumours in hereditary non-polyposis colorectal
cancer (HNPCC). Int.J.Cancer 1996; 4:422-425.
Vasen HF, Wijnen JT, Menko FH, Kleibeuker JH, Taal BG, Griffioen G, Nagengast FM, Meijers-
Heijboer EH, Bertario L, Varesco L, and others. Cancer risk in families with hereditary
nonpolyposis colorectal cancer diagnosed by mutation analysis. Gastroenterology 1996; 4:1020-
1027.
82
Vasen HF, van Ballegooijen M, Buskens E, Kleibeuker JK, Taal BG, Griffioen G, Nagengast FM,
Menko FH, Meera Khan P. A cost-effectiveness analysis of colorectal screening of hereditary
nonpolyposis colorectal carcinoma gene carriers. Cancer 1998; 9:1632-1637.
Vasen HF, Watson P, Mecklin JP, Lynch HT. New clinical criteria for hereditary nonpolyposis
colorectal cancer (HNPCC, Lynch syndrome) proposed by the International Collaborative Group
on HNPCC. Gastroenterology 1999; 6:1453-1456.
Vasen HF, Stormorken A, Menko FH, Nagengast FM, Kleibeuker JH, Griffioen G, Taal BG, Moller P,
Wijnen JT. MSH2 mutation carriers are at higher risk of cancer than MLH1 mutation carriers: A
study of hereditary nonpolyposis colorectal cancer families. J.Clin.Oncol. 2001; 20:4074-4080.
Vasen HF, Moslein G, Alonso A, Bernstein I, Bertario L, Blanco I, Burn J, Capella G, Engel C,
Frayling I, and others. Guidelines for the clinical management of Lynch syndrome (HNPCC).
J.Med.Genet. 2007; 44(6):353-62.
Vatn MH and Stalsberg H. The prevalence of polyps of the large intestine in Oslo: An autopsy study.
Cancer 1982; 4:819-825.
Vining DJ. Virtual colonoscopy. Gastrointest.Endosc.Clin.N.Am. 1997; 2:285-291.
Wagner A, Hendriks Y, Meijers-Heijboer EJ, de Leeuw WJ, Morreau H, Hofstra R, Tops C, Bik E,
Brocker-Vriends AH, van Der Meer C, and others. Atypical HNPCC owing to MSH6 germline
mutations: Analysis of a large dutch pedigree. J.Med.Genet. 2001; 5:318-322.
Wagner A, van Kessel I, Kriege MG, Tops CM, Wijnen JT, Vasen HF, van der Meer CA, van O,II,
Meijers-Heijboer H. Long term follow-up of HNPCC gene mutation carriers: Compliance with
screening and satisfaction with counseling and screening procedures. Fam.Cancer. 2005;
4:295-300.
Watanabe T, Muto T, Sawada T, Miyaki M. Flat adenoma as a precursor of colorectal carcinoma in
hereditary nonpolyposis colorectal carcinoma. Cancer 1996; 4:627-634.
Watson P and Lynch HT. Extracolonic cancer in hereditary nonpolyposis colorectal cancer. Cancer
1993; 3:677-685.
Watson P, Lin KM, Rodriguez-Bigas MA, Smyrk T, Lemon S, Shashidharan M, Franklin B, Karr B,
Thorson A, Lynch HT. Colorectal carcinoma survival among hereditary nonpolyposis colorectal
carcinoma family members. Cancer 1998; 2:259-266.
Watson P, Bützow R, Lynch HT, Mecklin JP, Järvinen HJ, Vasen HF, Madlensky L, Fidalgo P,
Bernstein I, International Collaborative Group on,H.N.P.C.C. The clinical features of ovarian
cancer in hereditary nonpolyposis colorectal cancer. Gynecol.Oncol. 2001; 2:223-228.
Wexner SD, Garbus JE, Singh JJ, SAGES Colonoscopy Study Outcomes Group. A prospective
analysis of 13,580 colonoscopies. rR-evaluation of credentialing guidelines. Surg.Endosc. 2001;
3:251-261.
Wheeler JM, Bodmer WF, Mortensen NJ. DNA mismatch repair genes and colorectal cancer. Gut
2000; 1:148-153.
83
Whiting JL, Sigurdsson A, Rowlands DC, Hallissey MT, Fielding JW. The long term results of
endoscopic surveillance of premalignant gastric lesions. Gut 2002; 3:378-381.
Winawer SJ, Zauber AG, Ho MN, O'Brien MJ, Gottlieb LS, Sternberg SS, Waye JD, Schapiro M,
Bond JH, Panish JF. Prevention of colorectal cancer by colonoscopic polypectomy. The
National Polyp Study workgroup. N.Engl.J.Med. 1993; 27:1977-1981.
Winawer SJ, Fletcher RH, Miller L, Godlee F, Stolar MH, Mulrow CD, Woolf SH, Glick SN, Ganiats
TG, Bond JH, and others. Colorectal cancer screening: Clinical guidelines and rationale.
Gastroenterology 1997; 2:594-642.
Winawer SJ, Stewart ET, Zauber AG, Bond JH, Ansel H, Waye JD, Hall D, Hamlin JA, Schapiro M,
O'Brien MJ, and others. A comparison of colonoscopy and double-contrast barium enema for
surveillance after polypectomy. National Polyp Study workgroup. N.Engl.J.Med. 2000; 24:1766-
1772.
Wong T, Howes N, Threadgold J, Smart HL, Lombard MG, Gilmore I, Sutton R, Greenhalf W, Ellis I,
Neoptolemos JP. Molecular diagnosis of early pancreatic ductal adenocarcinoma in high-risk
patients. Pancreatology 2001; 5:486-509.
Yee J, Akerkar GA, Hung RK, Steinauer-Gebauer AM, Wall SD, McQuaid KR. Colorectal neoplasia:
Performance characteristics of CTC for detection in 300 patients. Radiology 2001; 3:685-692.
